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PREFACE 


TO  THE  YIBST  EDITION. 


Ibt  presenting  this  work  to  the  Public,  the  Author  thinks  it 
right  to  offer  a  few  explanatory  remarks,  stating  the  reasons  that 
have  induced  him  to  prepare  a   second  elementary  treatise  on 
Geology,  and  mentioning  also  the  special  object  of  the  present 
volume.     The  first  edition  of  his  "  Q-eologt,  Introductory,  De- 
scriptive, and  Practical"  (2  vols.  8vo),  published  in  1844,  was 
intended  to  supply  the  want  which  he  believed  to  exist  at  that 
time,  of  a  descriptive  account  of  the  science  and  a  statement  of  its 
practical  bearings.     The  rapid  demand  for,  and  favourable  recep- 
tion of,  that  book,  seemed  to  show  that  he  had  not  judged  amiss ; 
but  he  has  since  been  so  frequently  asked  to  recommend  smaller 
manuals  of  Q-eology,  Mineralogy,  and  Practical  Q-eology,  and  the 
educational  use  of  these  departments  of  science  has  advanced  so 
^        rapidly  and  steadily,  that  he  believes  a  second  edition  of  his  former 
rTi        book  would  not  really  supply  the  present  demand,  and  he  has 
Q        long  had  it  in  contemplation  to  prepare  for  educational  purposes, 
r4        for  travellers,  and  for  those  who  are  endeavouring  to  cultivate 
J^        knowledge  on  subjects  connected  with  Q-eology,  an  outline  which 
should  be  elementary,  and,  at  the  same  time,  tolerably  complete, 
at  least  in  some  departments.     He  has  been  anxious  also  that  the 
^        cost  of  the  book  should  be  such  as  to  place  it  within  the  reach  of 
<       all  students. 

In  preparing  this  Elementary  course  of  instruction  on  Physical 
Geography,  Mineralogy,  and  Geology,  the  author  has  thought  it 
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best  to  begin  at  the  very  threshold  of  science,  and  explain  the  funda- 
mental laws  by  which  all  changes  are  effected.     He  has  enlarged 
much  more  on  Physical  Q-eography  than  in  his  former  works, 
treating  it  now  as  a  special  subject ;  and  has  introduced  an  en- 
tirely new  division — endeavouring  to  give  a  useful  account  of  the 
materials  of  the  earth,  as  weU  aa  of  the  arrangement  of  rocks. 
The  first  part  of  the  volume   thus  relates   to  subjects  which 
are  barely  mentioned  in  his  former  book.    In  Descriptive  Geology 
also  he  has  dwelt  much  on  the  structure  and  composition  of  rocks, 
and  but  little  on  fossils — ^partly,  because  he  believes  the  former 
subject  both  more  neglected  and  more  practically  use^  than  the 
latter,  and  partly  because  he  was  unwilling  to  repeat  what  he  has 
already  elsewhere  published  at  some  length.     The  remainder  of 
the  Descriptive  Q-eology,  and  the  chapters  on  Practical  Gteology, 
are,  for  the  most  part,  adapted  and  abridged  from  the  work  already 
alluded  to,  but  the  matter  is  re-arranged,  and  some  very  important 
portions  are  altogether  new.     These,  again,  have  chiefly  a  practical 
tendency. 

The  Author  has  endeavoured  throughout  to  avoid  unnecessary 
discussion,  and  confine  himself  strictly  to  feu^s.  He  has  not  failed 
to  avail  himself  of  such  means  of  information  as  were  at  his  dis- 
posal, and,  amongst  other  works,  has  to  confess  great  obligations 
to  Johnston's  (Berghaus')  "  Physical  Atlas,"  the  recent  works  of 
Humboldt,  and  the  publications  of  Sir  C.  Lyell,  in  the  first  divi- 
sion ; — ^to  the  treatises  on  Mineralogy  by  M.  Dufresnoy,  and  Mr. 
Dana,  in  the  second  division ; — and  to  Macculloch's  "  Treatise  on 
Rocks,"  the  "  Memoirs  of  the  Geological  Survey  of  Great  Bri- 
tain," and  Mr.  R.  C.  Taylor's  valuable  work  on  the  "  Statistics  of 
Coal,"  in  the  descriptive  and  practical  divisions  of  his  subject. 

The  illustrations  in  this  volume  are,  with  the  exception  of  some 
diagrams,  selected  from  Beudant's  "  Cours  E16mentaire  de  Gt6o- 
logie,"  and  the  mineralogical  part  of  Regnault's  "  Chimie."  They 
are  printed  from  casts    obtained  from  the  publisher  of  those 

works. 

D.  T.  A. 
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PREFACE 


TO  THE  SECOND  EDITION. 


The  Eirst  Edition  of  this  work,  published  in  1850,  having  been, 
found  adapted  for  a  certain  class  of  readers  and  students,  the 
Author  has  been  careful,  in  preparing  a  Second  Edition,  to  adhere 
to  those  peculiarities  of  treatment  in  which  it  differs  from  other 
works  hitherto  published  on  Q-eology. 

He  believes  these  to  be  first,  its  comprehensiveness,  as  including 
the  elements  of  all  departments  of  Geological  science ;  secondly, 
its  compactness,  as  bringing  within  a  narrow  space  a  great  multi- 
tude of  facts  important  to  be  known ;  and  thirdly,  its  method,  as 
presenting  those  numerous  facts  in  a  convenient  order.  He  is 
aware  that  these  qualities  are  obtained  at  the  sacrifice  of  a  certain 
amount  of  popularity,  and  he  can  hardly  hope  to  render  very 
attractive  to  the  general  reader  the  accumulation  of  material 
which  it  has  been  his  chief  object  not  to  dissipate. 

In  preparing  a  new  edition,  he  has  shortened  some  parts  of  the 
work  and  considerably  increased  other  parts,  endeavouring  to 
bring  into  a  somewhat  better  proportion  the  various  divisions  of 
the  subject.  He  has  carefully  modified  the  Mineralogy,  retaining 
however  in  the  main  the  former  method  of  arrangement,  which  he 
believes  to  be  the  one  best  adapted  for  the  Q-eological  student ; 
and  he  has  greatly  added  to  the  list  of  synonyms,  which  now 
includes  1400  names. 

The  Descriptive  Gbology  he  has  entirely  re-arranged,  and  for 
the  most  part  re-vmtten;  and  he  believes  it  will  be  found  to 
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fumisli  a  fair  and  sufficient  sketch  of  the  present  state  of  that 
department.  In  preparing  it,  he  has  been  assisted  by  Mr.  John 
Morris,  to  whom  he  is  greatly  indebted. 

The  Practical  Geology  is  largely  increased,  and  approaches 
more  nearly  to  a  complete  sketch  of  that  subject  than  the  limits 
of  the  former  edition  wotdd  allow. 

On  comparing  the  two  editions,  it  may  be  observed,  that  the 
Appendix  on  Indian  G-eology  is  here  omitted.  It  is,  in  fact, 
introduced  into  the  body  of  the  work.  The  list  of  Examination 
Papers  is  also  omitted.  The  Glossary  is  much  extended,  chiefly 
by  the  addition  of  a  large  number  of  mining  terms.  There  are 
some  additional  illusi^tions. 

D.  T.  A. 


17  Manchester  Street,  London, 
September  1856. 
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ERRATA  ET  OORRiaENDA. 


Page  2S,  line  IS.    The  mean  density  of  the  earth,  as  determined  by  the  Astronomer  Rojal  by 

experiments  made  very  recently  at  Harton  Colliery,  amounts  to  0*710. 
170,  after  Sal-ammomiac,  dtle  Sal-volatile  and  Hartshorn. 

175,  line  21,  for  Oarofian  read  Qurqfian. 

176,  after  description  of  Apatitb  add,  "  Larg^  quantities  hare  been  recently  found  in 

Norway.'* 
179.  In  the  description  of  Watbllitb  its  peculiar  stellated  structure  is  omitted  to  be 

noticed. 
182.  In  the  description  of  Allophamk,  after  "  It  is  translucent"  add  "  with  waxy  lustre. 

Its  colour  is  variable,"  omitting  the  text. 
186.  After  the  description  of  Fblbpas  add  **  Murchisonite,  ti  mineral  from  the  New  red 

sandstone  of  Exeter,  is  an  opalescent  variety,"  and  dele  the  account  of 

Murchisonite  under  Clink-stone. 
192.  To  the  description  of  Mica  add  "These  laminae  are  elastic."    In  the  same  page  in 

last  line  alter  the  text  as  follows : — "  Haytorite  is  a  pseudomorph  and 

Hutnboldtite  a  variety." 

387,  §  776>  The  first  six  lines  of  this  paragraph  should  be  transferred  to  follow  ^  781 . 

388,  9  781.  The  last  five  lines  in  this  paragraph,  commencing  with  "  The  Lower  Quader," 

should  be  transferred  to  precede  §  789f  in  p.  392. 
401, note,  for "crustaceous fishes"  read '' crustaceans,  fishes." 
420, 1. 12,  for  "  former  "  read  **  future."    (See  ^  884.) 
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AN 

ELEMENTARY  COURSE 

•  OF 

PHYSICAL   GEOGRAPHY, 
MINEEALOGY   AND    GEOLOGY. 


1.  The  world  on  which  we  live  is  made  known  to  us  by  various 
investigations,  which  all  have  reference  either  to  the  surface  of 
land  and  water,  or  to  such  moderate  depths  beneath  the  surface 
as  are  attainable  by  the  operations  of  human  ingenuity  and  labour. 
These  have  not  yet  reached  so  far  as  either  to  verify  or  contradict 
speculations  concerning  the  condition  of  the  great  mass  of  the 
interior ;  so  that  we  should  be  in  total  ignorance  of  this  condition 
if  it  were  not  that,  from  the  calculations  of  astronomers  as  to  the 
earth's  mass,  we  know  its  average  density,  which  appears  to  be 
about  twice  as  great  as  that  of  the  average  density  of  the  solid 
matter  which  forms  the  mass  of  the  external  surface.  Beyond  this 
point,  positive  knowledge  has  not  extended ;  and  theoretical  views, 
drawn  from  observations  at  the  surface,  however  interesting  and 
useful  they  may  be,  are  not  essential  in  the  study  of  Mineralogy 
and  G-eology.  On  the  other  hand,  the  facts  on  which  these  sciences 
are  based,  are  of  the  highest  interest,  and  possess  direct  practical 
value ;  and  the  main  object  of  this  work  is  to  record  observations 
that  have  been  made  and  results  immediately  deduced  firom  them. 
These  will  include  an  account,  j^r«^,  of  the  condition  of  matter  at 
the  earth's  sur&ce,  and  the  changes  that  take  place  there  by  the 
action  of  the  various  forces  of  gravitation  and  cohesion,  heat,  light, 
electricity,  and  magnetism ;  aeeondhfy  of  the  materials  of  which  the 
surface  is  made  up,  and  their  ordhiary  combinations ;  thirdly,  of 
the  order  of  arrangement  of  the  inorganic  materialB  and  the  remainA 
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of  organic  bodies,  contained  in  and  associated  with  these  inorganic 
materials ;  diXLdi  fourthly,  of  the  practical  conclusions  deduced  from 
this  kind  of  knowledge  in  reference  to  agriculture,  architecture, 
civil  and  militaiy  engineering,  and  mining.  These  departments 
may  be  designated  respectively  as  Physical  Gteography,  Mineralogy, 
Descriptive  Geology,  and  Practical  or  Economic  Gteology. 

2.  Several  terms  have  been,  from  time  to  time,  introduced  into 
modem  languages  from  the  Greek,  to  designate  descriptions  and 
histories  of  the  earth.  Of  these,  Geogeapht  (from  ge  the  earth, 
woAgrapMa  an  account),  and  GEOLoay  (^e,  and  26»^o«  a  discourse), 
both  mean  in  strictness  the  same  thing,  but  they  have  been  re- 
ceived into  the  language  with  different  senses ;  the  former  word. 
Geography,  being  understood  to  include  an  account  of  the  sur&ce, 
and  that  chiefly  in  its  relation  to  Political  Economy  and  adaptation 
to  civiHzed  man ;  while  the  latter  is  understood  to  extend  to  the 
structure  of  the  surfiace*. 

So,  again,  both  Geography  and  Geology  have  been  considered 
under  various  and  distinct  points  of  view,  according  to  the  taste, 
the  knowledge,  or  the  immediate  object  of  different  writers ;  and 
terms,  such  as  "physical,"  "descriptive,"  and  "practical,"  have 
been  applied  to  important  divisions  of  each,  while  other  not  less 
important,  if  less  manifest,  portions  have  been  marked  off  as  di- 
stinct sciences,  and  have  been  called  MxTEOBOLoaY,  Htdbologt, 

MlKEBALOGT,  PaIiJEOKTOLOGT,  &C. 

3.  Without  either  lamenting  the  division  thus  produced  in  a 
department  of  science  essentially  one,  or  rejoicing  at  the  causes 
which  hare  introduced  a  multitude  of  labourers  into  this  fertile 
field  of  observation,  we  wiU  here  rather  discuss  what  has  been  done, 
and  what  may  be  done,  in  the  way  of  comiecting  and  bringing  to 
bear  upon  each  other  the  multitude  of  important  facts  of  Physical 
Geography  and  Geology,  which  every  one  ought  to  know,  but 
concerning  which  many--otherwise  weH-informed  persons— have 
greatly  neglected  to  iidbrm  themselves.  The  earth  on  which  we 
live  has  too  great  an  influence  on  ourselves,  directly  and  indirectly, 
to  justify  ignorance  on  the  subject  of  its  nature  and  constitution, 

*  A  third  term,  Oboonost  (from  ge  the  earth,  KoAgnons  knowledge;,  haa  also  been  intro- 
duced by  the  Germans,  and  was  used  by  early  writers  in  our  own  country.  It  is  understood  to 
mean  the  historical  as  distinct  from  the  dedaratory  or  descriptive  part  of  the  earth's  history 
(Bischofs  "  Geologic  ").  This  term  is  not  likely  to  be  referred  to  m  modem  geological  works 
written  in  the  English  tongue,  but  occurs  sometimes  in  translations  from  the  German,  when 
the  translator  deems  it  advisable  to  retain  the  technical  meaning  of  the  original,  al^ough  at 
the  risk  of  being  impofectly  undetstood  by  the  English  reader. 
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or  the  laws  which  govern  its  material  existence.  The  history  of 
the  present  is  too  nearly  connected  with,  and  too  directly  derived 
from,  the  events  of  the  past  to  allow  us  safely  to  neglect  it ;  and 
the  mode  of  arrangement  of  the  materials  of  which  the  outer  film 
of  matter,  sometimes  called  the  "earth's  crust,"  is  composed,  too 
deeply  involves  the  question  of  the  daily  and  yearly  change  that 
takes  place  in  what  we  see  about  us,  to  permit  with  safety  any  in* 
difference  in  the  comparison  of  results,  often  hardly  to  be  distin- 
guished  except  in  degree,  and  intheprobabledateof  theiroccurrence. 

In  aU  these  matters  the  investigations  concerning  the  earth's 
history,  which  are  most  generally  imderstood  by  the  term  Geology, 
are  found  to  be  very  interesting  and  important  in  a  general  sense, 
and  afford  much  useful  information ;  but,  perhaps,  it  may  be  well, 
before  proceeding  further,  that  we  should  consider  briefly  the 
various  applications  of  such  knowledge  to  useful  practical  purposes, 
and  in  various  employments  and  professions. 

4.  There  are  two  ways  in  which  this  application  may  be  made ; 
namely,  with  regard  to  the  actual  sur&oe  of  the  earth  and  its  de- 
pendence on  that  which  happens  to  be  beneath  the  surface,  and 
also  with  reference  to  mineral  substances  which  it  is  desired  to 
obtain  by  various  operations  at  the  surflEK^.  Each  is  worthy  of  a 
few  words  of  explanation. 

If  in  any  district  we  know  the  Geography,  commonly  so  called, 
the  political  divisions,  the  natural  divisions,  the  physical  features, 
the  relations  of  the  hills,  mountains,  plains,  and  valleys,  the  rivers 
and  river  systems,  the  lakes,  and  the  coast,  there  stiU  remains  a 
very  important  kind  of  information  to  be  suppHed  before  we  can 
be  said  to  know  the  country  and  its  capabilities.  We  must  know 
its  structure  before  we  can  judge  of  its  future  agricultural  value, 
both  for  soil  and  drainage ;  we  have  yet  to  learn  the  probability, 
or  otherwise,  of  springs  of  water  being  obtainable,  the  future  salu- 
brity of  the  climate,  the  material  that  is  at  hand  to  be  used  for  build- 
ings of  all  kinds,  the  permanency  of  existing  conditions,  especially 
if  near  the  sea,  and  the  possibility  of  constructing  great  works, 
whether  inland  or  on  a  coast,  with  any  chance  of  their  stability. 
"We  may  also  be  ignorant  of  the  mineral  riches  of  the  district  in 
metalliferous  ores ;  for,  to  comprehend  these  and  many  similar 
matters,  we  require  a  knowledge  of  that  which  is  beneath  the  sur- 
face and  the  arrangement  of  the  materials ;  since  the  soil  is  derived 
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from  the  underlying  rock,  which  also  mnst  be  operated  on  in  aU 
architectural  and  engineering  operations. 

So,  again,  in  the  construction  of  roads,  and  in  many  other  public 
works,  where -stone  is  needed  for  rough  purposes,  it  may  happen 
that  there  is  abundance  of  excellent  material  in  the  immediate 
vicinity,  not  directly  observable  at  the  surface,  but  cropping  out 
at  a  distance,  and  thus  indicated  to  the  eye  of  one  acquainted  with 
the  general  laws  of  the  earth's  structure.  "Without  such  know- 
ledge no  one  could  suggest  where  this  material  would  be  continued 
underground,  but  with  it  the  merest  tyro  could  determine  the  spot 
where,  by  removing  some  accumulation  of  soil  and  detritus,  the 
rock  exists.  The  time  must  come  when  the  value  of  such  know- 
ledge will  be  fully  recognized,  and  when  it  will  be  regarded 
as  essential  as  the  practice  of  surveying  to  the  profession  of  an 
engineer,  and  perhaps  more  useful  to  the  colonist  than  any  other 
information  he  can  possibly  acquire. 

But  if  a  knowledge  of  the  earth's  structure  is  of  Mae  in  opera* 
tions  of  this  kind,  what  shall  we  say  with  regard  to  mining,  where 
everything  depends  on  what  we  know  of  the  earth's  interior,  and 
where  both  general  and  local  information  of  the  usual  condition  and 
arrangement  of  rocks  is  essential.  The  whole  subject  of  practical 
mining  is,  indeed,  so  immediately  and  directly  dependent  on  struc- 
ture, that  nothing  more  can  be  necessary  than  to  mention  the  feet. 

Thus  it  appears,  that  in  agriculture,  architecture,  engineering 
of  all  kinds,  and  mining,  an  acquaintance  with  the  arrangement  of 
the  materials  of  the  earth's  crust,  or,  in  other  words,  with  Q-eologt, 
ought  to  be  combined  with,  and  form  part  of,  that  special  instruc- 
tion which  is  needed  by  all  who  are  called  upon  to  act  in  any  of 
those  branches  of  practical  and  applied  science.  The  results  of 
geological  investigations  are  hardly  less  interesting  to  the  astrono- 
mer, the  zoologist,  and  the  botanist ;  but  these  applications  do  not 
properly  come  within  the  object  of  the  present  work. 

Geology  treats  of  the  materials  themselves,  of  which  the  earth 
is  composed,  as  well  as  the  mode  of  their  arrangement,  but  the 
former  part  of  the  subject  is  usually  called  MnfSBALOGT.  The 
elementary  discussion  as  to  the  laws  governing  the  ultimate  parti- 
cles of  matter  is  a  part  of  CHEinsTBY,  and  the  fects  known  con- 
cerning the  general  distribution  of  matter  at  the  surface  belong  to 
the  science  of  FhysicaIi  Oeogbapht. 
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CHAPTEE  I. 

OF  MATTEB  IN  GENERAL,  AND  ESPECIALLY  OF  THE  ME- 
CHANICAL CONDITION  AND  CHIEF  PROPERTIES  OF  THE 
SUBSTANCES  COMMONLY  MET  WITH  NEAR  THE  EARTH'S 
SURFACE. 

5.  The  material  substances  of  wbich  the  earth  is  composed  are 
regarded  either  as  simple  or  compound  bodies,  the  former  term 
including  such  as  have  never  yet  been  proved  to  consist  of  more 
than  one  kind  of  substance,  and  the  latter  those  which  the  operar 
tions  of  the  chemist  have  shown  to  be  made  up  of  more  than  one. 

It  is  evident  that  fiiture  investigations  of  chemists  may  either 
increase  or  diminish  the  list  of  simple  substances  or  elements,  since 
the  decomposition  of  many  now  so  recognized  may  depend  on 
processes  not  yet  discovered  or  applied.  On  the  other  hand,  the 
number  of  possible  compound  bodies  must  be  indefinite,  although 
the  actual  combinations  entered  into  in  nature  are  so  limited  in 
various  ways,  that  a  Hst  of  all  those  known  to  exist  in  nature  is  by 
no  means  very  extensive,  especially  when  we  consider  the  large 
number  of  elementary  substances  (sixty-one)  admitted  in  the  pre- 
sent state  of  chemical  knowledge.     (See  §  10.) 

The  supposed,  ultimate  particles  of  bodies  are  called  molecules  or 
atomSy  and  must  be  extremely  minute.  Whether  the  molecules  of 
certain  compound  bodies  assume  a  special  and  quasi-elementary 
form  remains  still  doubtful,  although  facts  observed  by  mineralo- 
gical  chemists  render  this  not  improbable ;  but  it  is  at  any  rate 
certain,  that  the  separation  of  particles  may  have  effect  to  a  very 
great  extent,  without  destroying  the  affinity  between  certain  sub- 
stances. In  other  words,  the  tendency  to  combination  in  the 
atoms  of  some  elementary  substances  is  actually  less  powerful  than 
is  observed  with  regard  to  the  combined  atoms  of  certain  compound 
bodies. 
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OpinionB  haye  been  entertained  aa  to  the  poMibQify  of  the  Tarioue  elementary 
substances  being  themselves  but  different  combinations  of  one  ultimate  atom, 
and  speculations  hare  been  made  aa  to  the  form  which  the  ultimate  atom  may 
possess.  The  spherical  is  that  form  that  seems  at  first  to  suggest  itself  and, 
being  the  simplest,  has  been  generally  assumed. 

Another  speculation  may  Im  alluded  to  oonoeming  the  degree  of  diyisibility  of 
matter,  and  thus  of  the  dimensions  of  the  ultimate  atom.  Some  of  the  metab 
are  known  to  be  reducible  to  an  extremely  minute  state  of  division ;  and,  a/rgw 
mentastvoely^  matter  may  apparently  be  proved  to  be  infinitely  divisible.  These, 
however,  are  matters  in  which  argument  can  have  little  value,  and  fiicts  are  ex- 
tremely difficult  to  obtain. 

6.  Matter  is  presented  to  our  notice  in  three  different  conditions, 
the  solid,  fluid,  and  gaseous.  Some  substances  may  readily  be  ob- 
tained in  either  of  these  states,  as  water,  which  is  usually  fluid,  but 
in  winter  becomes  solid,and  when  the  pressure  of  the  air  is  removed, 
passes  into  steam  at  a  very  small  increase  of  ordinary  temperature. 

Many  other  substances,  as,  for  instance,  the  common  metals,  are 
solid  under  ordinary  circumstances,  but  may,  by  the  aid  of  heat,  be 
melted,  although  they  can  hardly  be  actually  converted  into  vapour. 
Others  are  gaseous  at  the  earth's  sur&ce  under  aU  common  con- 
ditions, but  can,  by  cold  and  ^at  presBure,  be  converted  intp 
liquids,  and  many  of  them  even  mto  solids,  wlule  others  acain  are 
br  more  refractory,  and  will  scarcely  undergo  change  without  the 
most  violent  means,  and  under  the  most  careM  management. 

We  are  thus  led  to  expect  that  every  substance  m  nature  is 
really  susceptible  of  the  three  states  above  mentioned,  if  we  could 
obtain  favourable  conditions  of  temperature  and  pressure.  There 
is,  however,  apparentiy  a  limit  to  this,  since  a  large  number  of 
solids  become  decomposed  or  separated  into  their  elements  under 
the  acClon  of  heat,  before  they  pass  into  the  fluid,  much  less  the 
gaseous  state.  This  is  the  case  with  the  common  mineral,  carbonate 
of  lime  (limestone),  which  parts  with  its  carbonic  acid  before 
fusion.  In  this  case,  however,  and  perhaps  in  others,  the  decom- 
position may  be  prevented  if  the  mineral  is  confined,  and  hermeti- 
cally sealed  within  a  very  strong  vessel. 

7.  Although  we  know  nothing  of  the  absolute  weight  of  the 
ultimate  atoms  of  different  elements,  it  is  perfectly  possible,  and 
very  useful,  to  determine  their  relative  weight,  by  assuming  unity, 
or  some  number,  to  represent  what  is  called  the  atomic  weight  of 
any  one,  and  then  by  actual  observation  find  the  relative  weight  of 
the  atoms  of  other  Dodies,  according  to  the  proportions  by  weight 
in  which  they  combine.  Thus,  assuming  the  weight  of  hydrogen, 
the  lightest  known  substance,  to  be  unity,  or  1,  we  find  that  of 
oxygen  to  be  9,  for  water  being  always  composed  of  an  equal 
number  of  atoms  of  hydrogen  and  oxygen  gas  (which  appears  from 
experiment),  the  weight  of  the  atom  of  i£e  latter  must  be  eight 
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times  that  of  the  former,  since  100  grains  of  water  contain  11*1 
^ins  of  hydrogen  and  889  grains  of  oxygen.  The  theory  thus 
involyed,  that  bodies  combine  only  in  quantities  of  this  kind,  or  in 
multiples  of  them,  is  a  representation  of  the  actual  law  of  combi- 
nation, and  only  introduces  a  more  convenient  way  of  speaking  of 
the  known  combining  proportions  of  various  substances,  ^at 
there  are  combining  proportions  is  a  simple  and  well-assured  &ct, 
and  every  observation  and  investigation  of  modem  analytical  che- 
mists proves  its  universality,  so  that  iu  fact  it  forms  the  basis  of 
all  accurate  knowledge  in  chemistry  and  mineralogy. 

8.  The  gaseous  elements,  and  other  bodies  in  a  gaseous  state, 
always  combine  in  proportionate  measures  of  size,  or  volume, aj&  well 
as  weight ;  and  the  volume  is  more  easily  determiued,  and  more 
convenient,  than  the  weight.  Thus,  while  water  consists  of  one 
atom  of  hydrogen  to  each  atom  of  oxygen,  and  while  in  each  hun- 
dred parts  of  water  by  weight  11*1  pfffts  are  hydrogen  and  88*9 
parts  oxygen,  there  are  two  volumes  of  hydrogen  for  each  one  of 
oxygen ;  and  not  only  so,  but  in  every  case  hydrogen  enters  into 
combination  in  double  volumes.  There  is,  therefore,  a  combining 
meagure  as  weU  as  an  atomic  weight  of  the  elements  to  be  consi- 
dered, if  we  would  comprehend  the  true  nature  of  combination*. 

9.  Combinations  are  generally  expressed  by  a  particular  termination,  the  exact 
meaning  of  which  it  is  essential  that  the  student  should  be  acquainted  with. 
Thus  when  one  body  combines  with  another,  the  termination  'ide  or  'Uret  is 
added  to  that  one  which  is  considered  to  qualify  or  modify  the  other,  which  is 
then  called  the  base.  Thus  we  have  combinations  of  oxygen  with  one  other 
element  called  oxides,  and  also  the  following : — 

From  Chlorine  are  obtained  chlorides. 
„  Bromine  „  „  bromides. 
„    Iodine         „        „       iodides.  * 

„    Fluorine     „        „       fluorides. 

*^*"* '  From  Sulphur     are  obtained  sulphurets. 

„     Carbon  „  „       carburets. 

„     Phosphorus  „  „        phosphurets. 

Sometimes  we  read  in  chemical  books  of  sulphides,  chlorurets,  &c.,  but  such 
expressions  are  rarely  now  used. 

The  binary  compounds  of  oxygen  which  possess  add  properties,  are  named 
on  a  different  principle.  Thus  the  acid  produced  by  the  combination  of  sulphur 
with  oxygen  is  called  sulphuric,  h^osulphurie,  sulphurous,  or  h^posulphurous 
add,  according  as  the  proportion  of  oxygen  is  more  or  lees  considerable.  This 
illustration  will  serve  to  explain  the  system ;  and,  although  other  terms  have 
been  introduced,  they  will  not  come  before  us  in  speaking  of  simple  minerals. 

Compounds  of  the  second  order  are  combinations  of  an  acid  or  binary  com- 
pound with  some  element  as  a  base,  and  they  are  called,  as  a  group,  salts.  They 
are  named  according  to  the  acid  they  contain,  the  termination  *io  being  changed 
to  '€Ue,  and  -ous  to  -its.  Thus  from  carbonic  add  and  copper  is  formed  car- 
bonate of  copper, 

*  The  following  are  the  combining  measures  of  some  elements.  Oxygen  oney  hydrogen  two, 
nitrogen  twOf  chlorine  two,  fluorine  twOt  phosphorus  one,  carbon  two,  smoon  two,  sulphur  one, 
bromme  two,  iodine  two, 
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Combinations  of  water  with  other  oxides  are  called  hydrate*. 
.   In  the  case  of  double  salts  the  acid  is  only  mentioned  once,  tiiough  it  applies 
to  both  bases.    Thus  alimi  is  a  sulphate  of  alumina  combined  with  a  sulphate 
of  potash,  but  is  called  simply  a  mt^hate  of  alumina  and  potash. 

In  speaking  of  combinations,  and  using  certain  symbols,  which  are  generally 
the  initial  letters  of  the  elements,  both  the  chemist  and  mineralogiBt  find  it  con* 
renient  tQ  understand  by  the  symbol  one  equivaleni  by  weight  of  the  element,  or, 
in  other  words,  the  quantity  by  weight  in  which  it  combines.  Thus,  O  signifies 
one  equiyalent  of  oxygen,  H  one  equiyalent  of  hydrogen,  and  HO  together  the 
combination  of  one  equivalent  of  oxygen  with  one  of  hydrogen  or  watOT.  Aq  is 
also  sometimes  used  as  the  symbol  for  water.  So,  again,  Oj  signifies  two  equi- 
valents of  oxygen,  and  so  on ;  and  thus,  as  B  signifies  sulphur,  and  three  equi' 
Talents  of  oxygen  with  one  of  sulphur  form  sulphuric  acid,  SO3  is  the  symbol 
of  sulphuric  acid.  So  a  salt  nm  be  thus  expressed,  KOjSOg ;  where  K,  sig- 
nifying the  metal  potassium,  KO  is  oxide  of  potassium  or  potash,  and  SO3 
sulphuric  acid,  and  thus  the  above  symbol  expresses  eul/phate  of  potash.  It  is 
of  great  importance  to  understand  these  chemical  formule,  if  the  student  would 
be^me  acquainted  with  the  important  fiicts  of  mineralogy  and  geology. 

10.  Subjoined  is  a  list  of  the  elementary  substances,  with  their 
symbols,  their  equivalents,  and  in  a  few  cases,  their  important  and 
most  frequent  combinations.  The  number  tabulated  is  only  fifly- 
.one;  and  in  addition  to  them  are  the  following,  hitherto  only 
tnown  to  the  chemist: — ^Di^piium,  Erbium,  Lanthanum,  Nio- 
bium, Pelopium,  Buthenium,  Terbium,  Thorium,  and  two  others 
still  doubtml,  Ilmenium  and  Noriiim. 

TABLE  OF  THE  PRINCIPAL  ELEMENTARY  SUBSTANCES, 

WITH  THEIR  CHEMICAL  EQUIVALENTS  *. 


Sym- 
bols. 


01 

F 

H 


ELEMENTS. 


Oaseous  Bodies, 

Ohlobine 

Mnorine    

Hydbogeit    


fNlTEOGEN. 


EQUIVALENTS. 


H=l 


35*50 

18-70 

1-00 

1400 

8-00 


0=100 


443-75 

233-80 

12-50 

17600 

100-dO 


tOXYGEK 

Flmd  {non-^netallic). 
Br  I    Bromine    |    7826  |    d78-30 

Non-metallic  Solids, 


COMMON  COMBINATION. 


BD  or  Aq.    Water.  ^JO 
r  N O5.    Nitric  acid. 
iNHg.    Ammonia. 


B 
0 
I 

Ph 

Se 
Si 

S 


Boron    

fCABBOK 

Iodine    

Phosfhobus. 

Selenium   .... 

SiLICOK 

fSULPHUB   .... 


10-90 

186-20 

6-00 

75-00 

126-36 

1579-50 

3202 

400-30 

39-57 

494-58 

21-35 

266-82 

1600 

20000 

BO.    Borado  add. 
GOj.    Carbonic  add. 


SiOs.    Silica. 

SOg.    Sulphuric  add. 


*  TheTttble  ia  adapted  firom  Graham'*  '  Elements  of  Chemiatry,'  second  edition,  p.  108. 
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Stm 

BOL8. 


Li 
K 

Na 

Ba 
Ca 

Mg 
Sr 

Al 

ai 

Y 
Zr 

Sb 

As 
Bi 
Cd 
Ce 

C5r 
Co 

Cu 

Au 
It 

Fe 

Pb 

Mn 

Hg 

Mo 

Ni 
Ob 

;pd 

Pt 
B 

Ag 

Ta 

Te 

Sn 

Ti 

W 

IT 

V 

Zn 


ELEMENTS. 


EQUIVALENTS. 


Hei 


MetaUicSeues  ofAlkcUies. 

Lithium 

Potassium  (Kalium^  ... 
SoDiTTM  (Natromuin)  ... 

Metallic  Bases  ofJJJcaUne 

Babium 

Calcium  

MAaiTESIUM 

Strontium 


6-43 
8900 
22-97 

JEarths, 
68-64 
20-00 
12-67 
43*84 

Metallic  Bases  ofBarths  ^oper 

Altjmiktjm   

Gludnum 

Yttrium 

Zirconium 

Metals  Proper, 
t  AwTiMOinr  (Stibium)  . 

fABSENIO    

tBiSMTJTH    

Cadmium  

Cerium  


CHBOMiinc 


Cobalt 


tCoppBB  (Cuprum) 

tGk)LD  (Aurum) 

fLridium 


flBOK  (Ferrum) 

Lbad  (Plmnbum)     ..... 

Manoanbsb 

fMEBCUBTCHydrapgyrum) 

Molybdenum  

Nickel 

tOsmium   

tPalladiimi 

fPLATLNUM 

tBliodium  


tSiLTEB  (Argentum).... 

Tantalum  (Cokimbium).. 

fTellurium 

Tin  (Stannum) 

Titanium  

Tungsten  (Wolfram)    . 

Uranium   

Tanadium 


ZiNO 


13-69 
26-50 
32-20 
38-62 

129-03 

75-00 
70-95 
55-74 
46-00 

28-15 
29-52 

81-66 

98-83 
98-68 

28-00 

103-56 

27-67 

100-07 

47-88 

29-57 
99-66 
53-27 
98-68 
52-11 

108-00 

92-30 
66-14 
58-86 
24-29 
94*64 
60-00 
68-55 

82-52 


OelOO 


80-37 
487-50 
287-17 

858-01 
250-00 
158-35 
548-02 

17117 
331-26 
402-51 
420-20 

1612-90 

937-50 
886-92 
696-77 
57500 

851-82 
868-99 

895-70 

1229-16 
1238-50 

350-00 

1294-50 

345-90 

1250-90 

598-52 

869*68 
1244-49 

665-90 
1233-50 

651-39 

1350-00 

1158-72 
801-76 
735-29 
30806 

118300 
75000 
856-89 

406*59 


COMMON  COMBINATION. 


KO.    Potash. 
NaO.    Soda. 

BaO.    Baryta. 
CaO.    Lime. 
MgO.    Magnesia. 
SrO.    Strontia 

Al^Og.    Alumina. 
Gl^Os.    Gludna. 
YO.    Yttria. 
Zr^Os.    Ziroonia. 

{SbjSg.  Sulphuret  of  anti- 
mony. 


f  CrO +FeO + AljOj+MgO. 
\  Chromic  iron- 

•  Co,  Asj  -I-8H0.     Cobalt 
1  bloom. 

'  CugS.    Copper  pyrites. 
' .  2CuCO+HO.  Malachite. 


{FeOCOj.    Spathic  iron. 
FoSq.    Iron  pyrites. 
PbS.    Oalena. 
MnOa+HO.    Wad. 
HgS.     Cinnabar. 

{MoSj}.        Sulphuret    of 
molybdenum. 
NiS.    papillary  pyrites. 


{ 


AgS.    Vitreous  silver. 
AgClg.    Horn  silver. 


Sn02.    Tin-stone. 


{ 


ZnS.    Blende. 
ZnCOg.    Calamine. 


b5 
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A  great  ttumber  of  these  elements  are  exceedingly  rare ;  others 
widely  distributed,  but  only  in  extremely  small  quantities ;  and 
others  again  are  not  met  with,  except  in  combination.  The  names 
of  those  which  require  to  be  generally  known,  as  being  used  in  the 
arts  or  producing  a  marked  effect  in  nature  on  a  large  scale,  are 
printed  in  capitals  in  the  aboye  Hst,  and  those  which  occur  in  nature 
in  their  simple  or  natif>e  form,  are  marked  with  a  little  dagger  (t). 

11.  All  elementary  substances  are  formed  by  the  aggregation,  or 
heaping  together,  of  the  separate  atoms  of  one  element,  and  this  is 
effected  always  in  the  same  way  for  the  same  substiEuice,  when 
under  similar  conditions,  so  that  the  substance  is  always  reco^* 
nizable  by  the  application  of  the  same  means.  A  perfect  or  chemi- 
cal combination  takes  place  only  when  one  or  more  atoms  of  one 
substance  arrange  themselves  in  perfect  symmetry  by  the  side  of 
one  or  more  atoms  of  another  substance  or  of  sever^  other  sub- 
stances, so  as  to  form  a  complete  compound  atom,  which  after- 
wards is  capable  of  accumulation  like  a  simple  atom.  The  asso- 
ciation of  atoms  without  the  formation  oi  compound  atoms,  is 
called  mia^ure,  and  not  combination  (§  20).  The  lormer  condition 
(that  of  mixture)  is  seen  in  the  alloys  of  various  metals,  as  of  copper 
and  zinc  to  form  brass,  &c.;  and  also  in  the  mixture  of  oxygen 
with  nitrogen  gas  forming  in  atmospheric  air.  Combination  is 
seen  in  a  vast  multitude  of  common  substances,  of  which  water  is 
the  most  widely  extended  and  the  most  remarkable.  In  this  state 
of  combination,  and  as  a  proximate  element,  water,  which  is  formed 
of  oxygen  and  hydrogen  gases,  enters  into  the  composition  of 
almost  aU  compound  so&ids. 

12.  Upon  the  earth's  surface,  and  within  such  moderate  depths 
as  can  be  penetrated  by  man,  matter  exists  generally  in  a  solid  form, 
except  in  the  cases  of  water  and  air.  Of  these,  the  former,  though 
rarely  to  a  depth  of  more  than  five  or  six  miles,  covers  three-fourths 
of  the  surface ;  while  the  atmosphere,  which  invests  the  whole 
globe  with  an  aerial  veil,  reaches  seventy,  or  even  a  hundred 
miles,  above  the  mean  level  of  the  sur£Eice,  gradually  becoming  more 
rare,  and  its  parficles  more  widely  separated  in  consequence  of  its 
dasticity.  But  the  atmosphere  and  water,  whose  whole  substance 
is  made  up  of  gaseous  elements  (or  substances,  which  when  un- 
compounded,  retain  the  aerial  condition  at  the  earth's  surface), 
form  only  a  small  proportion  of  the  whole  amount  of  such  ele- 
ments, for  probably  not  less  than  one-half  of  all  soHd  rocks  con- 
sists of  OxYaEN  dhAS,  which  is  thus  the  most  common  and  abun- 
dant of  all  substances,  and  one  whose  properties  and  influence 
should  never  be  lost  sight  of. 

Hydboges'  and  NiTBoaEir  gases  are  next  in  importance  to 
Oxygen  as  materials  of  the  crust,  or  external  solid  film  of  the 
earth.    The  former  is  not  only  the  chief  constituent  of  water,  but 


IMPOBTAirr  EXifiltBirTS.  11 

is  also  present  in  large  quantities  in  mineral  fuel  of  all  kinds,  and 
in  most  minerals.  Nitrogen  forms  four-fifths  of  the  atmosphere, 
and  is  widely  distributed  amongst  many  solids.  Chlobine  also  is 
abundantly  present,  as  well  in  sea-salt  as  in  other  combinations. 

13.  Of  the  non-metaUie  elements,  Cabboit  is  the  most  abundant, 
existing  in  all  limestones  and  rocks  containing  calcareous  matter, 
besides  fotming  the  chief  constituent  of  coal.  Sulfhub  is  found 
in  combination  with  a  large  number  of  metals  in  their  most 
common  form,  and  occurs  native  in  volcanoes.  Stlicok,  the  base 
of  common  fiint,  sandstone,  and  siliceous  rock  of  all  kinds,  may  be 
considered  as  forming,  on  an  average,  one-half  of  all  those  rocks 
commonly  met  with  at  the  earth's  surface,  with  the  exception  of 
limestones.  Phosphobub  and  lonnrE  have  been  found  in  almost 
all  rocks. 

14.  Of  the  metallic  bases  of  earth,  Alxjkikttm  is  probably  the 
most  abundant ;  forming  the  characteristic  part  of  all  clays,  besides 
being  present  in  almost  all  other  rocks.  Potassium,  Sodium,  and 
Magnesium,  the  metaUic  bases  whence  are  derived  the  salts  of 
potash,  soda,  and  magnesia,  are  also  very  widely  disseminated,  the 
two  former  abounding  especially  in  volcanic  rocks  of  all  ages, 
while  soda  is  the  chief  ingredient  of  common  salt,  and  magnesia, 
besides  forming  an  important  part  of  some  rocks,  is  present  in  sea 
water. 

Calcium,  from  the  combination  of  which  with  oxygen  is  pro- 
duced lime,  and  whence  therefore  all  limestones  are  derived,  is  a 
material  of  which  very  large  quantities  exist  in  the  earth,  although 
it  is  perhaps  not  so  abundant  as  the  other  elements  above 
alluded  to. 

Of  the  metals,  commonly  so  called,  Ibok  and  MAiraAirBBE  are 
those  most  widely  diffused,  and  the  former  has  been  calculated  to 
form  as  much  as  2  per  cent,  of  the  whole  mineral  crust  of  the  globe. 
There  is  scarcely  a  rock  without  them,  and  the  same  may  be  said 
of  Gold,  Arsenic,  and  Titanium,  which  however  are  present  in 
infinitdy  smaller  quantities  than  either  of  the  others. 

16.  The  mineral  substances,  then,  which  chiefly  compose  the 
mass  of  the  earth,  may  be  thus  stated. 

1.  Gases  (4),  Oxygen,  Hydrogen,  Nitrogen,  Chlorine. 

2.  Non-metallic  solids  (6),  Silicon,  Carbon,  Sulphur,  Phos- 
phorus, Iodine. 

8.  Metallic  bases  oe  eabths  and  Alkalies  (5),  Aluminiim, 
Potassium,  Sodium,  Magnesium,  Calcium. 

4.  Metals  (6),  Iron,  Manganese,  Gold,  Titanium,  Arsenic. 

All  these,  and  many  others  of  great  importance  in  the  arts,  will 
be  considered  at  some  length  in  a  future  chapter,  when  minerals 
are  described,  and  again  in  the  account  of  rock-masses.    Their 
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names  are  here  given,  chiefly  to  remind  the  student  of  the  fact  of 
their  existence  in  sufficient  abundance  to  influence  various  common 
and  characteristic  rocks. 


CHAPTEE  11. 


OF  THE  FORCES  OF  ATTEACTION  AND  EEPULSION,  AND  OP 
imBT,  HEAT,  ELECTEICITY,  AND  CHEMICAL  AFFINITY. 

16.'  These  are  two  great  and  opposing  forces  in  nature,  attrac- 
tion and  repulsion,  or  in  other  words,  there  is  a  constant  tendency 
in  all  matter  to  approach  other  matter,  and  a  constant  action  of 
some  force,  of  which  heat  is  the  most  usual  indication,  tending  to 
keep  the  particles  of  bodies  asunder.  It  is  necessary  to  consider 
here  so  much  of  chemistry  as  may  serve  to  explain  the  action  of 
these  forces  with  reference  to  the  general  constitution  of  the  earth's 
crust. 

The  forces  of  attraction  are  apparently  three,  namely,  gravita- 
tion, cohesion,  and  chemical  affinity,  the  latter,  however,  existing 
under  very  peculiar  conditions,  and  presenting  some  anomalous 
cases.  Gravitation  is  the  name  given  to  the  attraction  of  masses 
of  matter  at  some  distance  from  each  other.  Cohesion  is  also 
attraction  in  mass,  but  at  immeasurably  small  distances,  while 
Chemical  affinity  is  attraction  acting  with  reference  to  the  molecules 
or  ultimate  atoms,  and  not  upon  masses.  There  is  only  one  con- 
ceivable /orce  of  repulsion,  and  it  shows  itself  by  expansion. 
Electricity,  as  exhibited  by  the  phssnomena  of  galvanism  and  mag- 
netism, as  well  as  ordinary  electrical  action,  belongs  to  a  class  of 
forces  usually  spoken  of  a;s  polar. 

17.  Gravitation  appears  to  affect  all  matter,  not  only  on  and  in 
our  earth,  but  throughout  our  solar  system ;  and  to  reach  even  to 
the  most  distant  of  all  those  bodies,  recognizable  either  by  the  eye, 
or  by  their  effect  upon  the  course  which  our  earth  takes  in  space. 
By  it  every  substance  on  the  earth's  surface  presses  down  towards 
the  earth's  centre,  and  thus  acquires  what  is  called  "weight," 
which  is  in  direct  proportion  to  the  mass  of  matter  contained  in  a 
given  space,  and  by  it  also  the  earth  is  kept  in  its  position  with 
reference  to  the  moon,  the  planets  and  the  sun,  and  all  other 
bodies  in  the  universe.  Actmg  thus  universally,  and  increasing 
rapidly  as  the  distance  between  two  bodies  diminishes,  it  does  not 
appear  that  gravitation  alone  would  be  sufficient  to  produce  that 
close  contact  on  which  chemical  action  depends,  nor  are  the  laws 
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which  seem  to  govern  the  former  force  altogether  applicable  in  the 
latter  case. 

18.  The  force  of  Cohesion  is  that  by  which  the  similar  molecules 
or  atoms  of  a  simple  substance,  or  similar  compound  atoms  are 
brought  into  aggregation,  so  as  to  form  masses  of  matter,  distin- 
guishable frgm  other  masses,  and  having  definite  properties. 

This  force  is  very  great  in  solids,  small  in  liquids,  and  absolutely 
nothing  in  gases,  where,  on  the  contrary,  the  particles  tend  to  sepa- 
rate from  each  other,  and  are  only  retained  at  any  giv^i  distance 
by  external  pressure.  Cohesion  is  seen  in  liquids  by  their  tendency 
to  assume  a  spherical  form,  and  also  by  a  certain  resistance  to  the 
action  of  gravitation,  since  mercury  will  not  run  through  fine 
muslin ;  but  this  cohesion  being  small  and  equal  in  all  directions, 
the  slightest  force  is  sufficient  to  disturb  and  separate  the  particles. 
Different  Hquids  exhibit  different  degrees  of  cohesion;  the  cohesive 
power  being  for  the  most  part  nearly  proportional  to  the  density. 

The  force  of  cohesion  acting  between  different  solid  masses 
brought  into  close  contact  at  many  points  is  called  Adhesion,  and  is 
in  some  cases  very  considerable,  though  generally  less  in  amount 
than  would  be  found  to  exist  between  different  parts  of  one  sub- 
stance. This  kind  of  attraction  efiects  no  change  in  the  properties 
of  bodies,  although,  as  in  the  case  of  cements  of  aU.  kinds,  it  binds 
different  kinds  of  matter  together. 

Its  power  is  seen  and  well  exemplified  in  the  case  of  glass, 
especially  when  a  number  of  plates,  smooth  and  clean,  have  been 
kept  in  close  contact  bv  pressure  for  a  long  time,  in  which  case  it 
has  been  found  impossible  to  separate  the  plates  without  fracture. 
It  is  recognized  also  in  the  ordinary  phenomena  of  friction,  and  is 
of  great  practical  importance,  since  adhesion  takes  place  with  dif- 
ferent force  under  different  circumstances,  and  between  different 
substances  in  nature. 

19.  Certain  bodies,  when  placed  in  contact,  exhibit  a  tendency 
to  mix  with  each  other  without  chajige,  while  others  undergo 
mutual  decomposition,  as  when  limestone  is  placed  in  diluted  sul- 
phuric acid.  The  cause  of  decomposition  and  recombination  has 
been  considered  to  be  some  specific  attraction  between  different 
kinds  of  matter,  which  attraction  has  received  the  name  of  Che^ 
fnical  affinity,  and  as  the  affinity  between  different  bodies  not  only 
differs  very  widely  in  intensity,  but  often  exhibits  itself  in  a  kind 
of  preference  to  combine  with  one  body  rather  than  another,  it  haa 
been  called  JElective  affinity,  and  many  remarkable  facts  have  been 
observed  by  chemists  with  reference  to  this  subject.  "We  proceed 
to  explain  shortly  the  meaning  of  these  expressions. 

20.  Chemical  combination  takes  place  in  various  ways  and  under 
variouB  circumstances,  but  chiefly,  and  most  energetically,  when 
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one  or  both  substances  are  in  the  gaseous  or  liquid  state,  for  they 
are  then  at  once  brought  into  verj  immediate  contact.  It  is  also 
much  assisted  by  heat,  light,  and  electricity;  and,  indeed,  the 
development  of  one  of  these  imponderable  forces  is  a  usual  accom- 
paniment of  change  in  chemical  combinations.  The  time  required 
for  the  process  varies  greatly  under  different  circumstances. 

The  proportions  in  which  bodies  combine  are  either  limited  op 
unlimited,  and  include,  as  has  been  already  said,  mixtures  as  well 
as  true  combinations.  Mixtures,  however,  are  of  two  kinds,  the 
&*st  illustrated  in  the  case  of  water  and  alcohol,  any  quantity  of 
the  one  mixing  with  any  quantity  of  the  other,  and  the  other  in 
that  of  common  salt  with  water,  where  a  certain  quantity,  and  no 
more,  of  the  one  is  capable  of  being  resolved  into  and  forms  part 
of  a  given  quantity  of  the  other.  In  the  latter  case,  when  the 
full  quantity  has  been  taken  up,  the  one  substance  (the  fluid)  is 
said  to  be  saturated  with  the  other. 

21.  The  term  affinityy  as  used  in  chemistry,  has  a  very  distinct 
and  peculiar  meaning.  It  is  by  no  means  resemblance,  nor  is  it 
relationship  in  any  sense  of  the  term,  for  it  is  not  that  relation  of 
parts  or  of  a  whole  which  only  amounts  to  similarity;  nor  is  it 
mechanical  connexion,  or  the  attraction  of  gravitation,  cohesion, 
or  adhesion.  It  means  the  tendency  of  different  kinds  of  matter 
to  form  distinct  and  definite  compounds ;  and  in  this  sense  it  is  a 
peculiar  force  connected  with  almost  all  chemical  changes  and 
operations*. 

22.  One  of  the  most  singular  of  the  properties  brought  under 
consideration  in  investigating  the  nature  of  this  affinity,  is,  that 
when  several  bodies,  each  of  which  is  capable  of  combination  with 
any  of  the  others,  are  allowed  to  combine  freely,  there  is  a  selec- 
tion made,'  and  this  is  always  according  to  the  same  law  and  is 
generally  very  strongly  marked,  indicating  not  only  a  preference 
for  one  particular  comoination,  but  a  long  gradation  of  preferences, 
80  that  particular  substances  select  out  of  a  large  number  those 
with  which  under  the  circumstances  they  will  unite,  and  a  number 
of  new  compounds  is  the  result.  Not  only  is  this  the  case  when 
all  the  elements  are  &ee,  but  sometimes  when  two  compounds 
already  formed  are  presented  to  one  another,  though  each  one  is 
capable  of  existing  permanently.  The  affinity,  therefore,  that 
exists  is  truly  elective,  each  element  choosing  or  electing  one  rather 
than  another  of  the  elements  presented  to  it,  and  quitting  one  to 
unite  with  another  which  it  prefersf.    This  singular  elective  affinity 

*  It  is  the  more  necessaxy  to  pay  attention  to  this  definition,  as  the  word  is  used  with  a  very 
different  meaning  in  Zoology  and  Botanjr* 

t  Thus  in  dilute  nitric  aod  we  may  dissolve  sflver,  the  nitric  acid  parting  with  its  oxygen  to 
ttie  silver,  which  has  a  greater  affinity  for  it  than  the  nitrogen.  If  to  this  solution,  however,  we 
add  copper,  the  silver  is  released  from  combination,  and  the  oxygen  passes  to  the  copper ;  if  we 
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having  been  proved  to  exist  for  each  element,  tables  have  been 
formed  expressing  the  order  of  afiSboities  of  each  element  for  others^ 
There  can  be  no  doubt  that  processes  of  change  dependent  on 
elective  affinities  are  constantly  going  on  in  the  solid  crust  of  the 
earth,  and  most  distinctly  in  the  vicinity  of  those  crevices  and 
fissures  called  mineral  veins,  in  which  the  great  majority  of  simple 
minerals  exist.  It  behoves  us,  therefore,  to  bear  in  mind  the  true 
meaning  and  the  extent  of  affinity,  and  its  elective  character,  if 
we  woidd  understand  the  results  presented  on  a  grand  scale  in 
nature. 

23.  But  affinity  in  chemistry  is  not  only  elective  or  definite 
as  to  kind,  but  also,  and  in  a  very  remarkable  wajjr,  as  to  qucmtity^ 
for  one  element  not  only  prefers  to  combine  with  another  of  a 
certain  kind,  but  it  does  so  to  a  certain  extent  and  no  further, 
so  that  the  result  is  not  accidental  and  variable,  but  fixed  and 
constant. 

This  result,  indeed,  might  have  been  anticipated  from  a  due  con- 
sideration of  the  positive  and  real  qualities  of  certain  compounds, 
for  if  every  mere  mixture  was  a  chemical  compound  it  is  obvious 
that  there  would  be  nothing  definite  in  nature ;  but  it  has  also 
been  found,  that  although  one  ingredient  will  unite  with  another 
in  difierent  proportions,  stiU  in  such  cases  these  proportions  are 
multiples  one  of  another. 

The  law  thus  indicated  includes  not  only  the  fSa<^  already  known, 
that  elements  combine  in  definite  proportions,  but  also  that  the 
combining  proportions  are  related  as  multiples,  and  in  this  form  it 
is  the  foundation  of  what  has  been  already  mentioned  as  the  atomic 
theory  (see  §  7) ;  since  if  we  suppose  bodies  to  be  composed  of 
atoms  of  their  constituent  elements  grouped  either  one  and  one, 
one  and  two,  one  and  three,  and  so  on,  or  sometimes  two  and 
three,  two  and  five,  &c.,  we  shall  perceive  at  once  the  nature  of  the 
limitation  of  elective  affinity  when  various  quantities  of  difierent 
substances  are  presented  to  one  another.  Whether  we  term  the 
ultimate  particles  assumed,  atoms,  and  speak  of  their  atomic  weight, 
or  whether  these  atomic  weights  are  called  chemical  equivalents  or 
proportions,  as  has  been  suggested,  the  main  result  is  the  same ; 
and  we  are  able  to  represent  aU  those  definite  compounds  which 
possess  a  peculiar  and  distinctive  character,  and  which  alone,  there- 
fore, can  be  looked  upon  as  individuals,  by  certain  marks  and 
numbers  which  belong  to  them,  and  them  only,  and  have  reference 
to  their  absolute  and  intimate  structure. 

24.  Obeviug  the  laws  of  elective  and  quantitative  affinity,  the 
number  oi  actual  combinations  found  in  nature  to  which  any 

add  iron,  the  copper  goes  down ;  if  zinc,  the  iron  is  precipitated ;  if  we  add  ammonia,  the  sine 
i«  aeparated ;  and  if,  lastly,  we  add  caustic  potass,  or  soda,  the  ammonia  also  is  liben^ed. 


16  PHTBIOAL  aEOGBAFHT. 

definite  character  can  be  attached,  becomes  greatly  limited,  and  all 
known  compounds  may  be  distributed  into  three  orders ;  the  first 
(binary  compounds),  including  those  where  one  element  combines 
with  another,  as  for  instance  oxygen  with  sulphur  in  sulphuric 
acid,  and  sodium  with  oxygen  in  soda ;  the  second  (ternary  com* 
pounds),  those  in  which  one  binary  compound  combines  with 
another,  as  sulphuric  acid  with  soda  in  Glauber's  salt.  And, 
thirdly,  there  are  combinations  of  salts  with  one  another,  or 
double  salts  (quaternary  compounds),  such  as  alum.  We  have 
already  (in  §  9)  explained  the  uBuaL  notation  of  chemists  in  these 
cases. 

25.  The  agents  of  change  in  the  idtimate  particles  of  bodies  are 
light,  heat,  and  electricity;  any  one  of  these  under  certain  circum- 
stances placing  the  atoms  in  a  condition  fistvourable  to  cheinical 
action,  and  apparently  assisting  certain  compounds  to  become  de- 
composed, and  the  elements  to  enter  into  new  combinations.  Hiere 
is  imquestionably  a  very  strong  analogy  between  these  forces, 
although  at  present  no  proof  exists  of  their  absolute  identity,  and 
we  shsSl  here  merely  refer  to  their  properties,  so  far  as  they  have 
reference  to  changes  in  the  constitution  of  mineral  substances. 
Light  and  heat  being  very  intimately  related,  especially  in  their 
joint  derivation  from  the  sun,  it  is  not  easy  to  dissociate  their 
ideas  and  yet  retain  an  appreciation  of  their  actual  infiuence  on 
each  other.  StiU  we  must  endeavour  to  do  this,  and  can  best 
succeed  by  simply  defining  or  stating  the  important  distinctive 
properties  of  each. 

26.  White  Light,  proceeding  from  the  sun,  and  reaching  our 
earth,  is  made  up  of  several  colours,  which  are  not  all  either 
reflected  or  transmitted  to  the  same  extent  in  all  cases.  The  result 
is  that  certain  objects  exhibit  to  the  eye  coloured  rays  only,  which 
are  the  mixed  rays  that  result  after  the  atmosphere  and  the  object 
regarded  have  aosorbed  a  part,  which  is  the  same  under  similar 
conditions,  but  which  varies  if  the  circumstances  change.  Light 
when  reflected  at  one  particular  angle  (36°  for  glass),  or  trans- 
mitted through  a  certain  thickness  of  any  medium,  is  found  to 
possess  very  peculiar  properties,  and  is  said  to  be  polarized,  and  a 
ray  of  light  passing  through  certain  substances  is  divided  into  two 
pencils  or  rays,  one  of  which  is  polarized. 

Light  is  absorbed  by  all  ponderable  substances  to  some  extent, 
when  they  are  exposed  to  its  influence,  and  the  quantity  absorbed 
is  greater  in  proportion  to  the  roughness  of  the  surface.  Those 
substances  which  present  a  dark  colour  to  the  eye,  and  through 
which  light  is  not  transmitted  (opake  bodies),  absorb  most  light, 
and  those  which  are  transparent,  the  least.  The  more  light  a  body 
absorbs,  the  more  is  its  temperature  raised  when  exposed  directly 
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to  the  effect  of  the  sun's  rays,  which  produce  heat  as  well  as  light. 
Many  substances,  when  heated  to  a  certain  temperature,  become 
incandescent  and  emit  light.  Light  is  also  directly  connected  with 
electricity  and  magnetism,  the  passage  of  electricity  being  accom- 
panied by  the  emission  of  light  when  the  transmission  through  a 
conductor  is  broken,  and  Hght,  under  certain  conditions,  exciting 
magnetic  action  in  a  steel  needle..  A  ray  of  polarized  light  passing 
through  certain  transparent  substances,  is  found  to  be  directly 
affected,  and  altered  in  position,  being  rotated  to  the  right  or  letb 
hand  by  the  passage  of  magnetic  force  through  the  medium,  the 
direction  of  rotation  being  governed  by  the  position  of  the  lines  of 
magnetic  force. 

Many  substances  are  decomposed  by  the  action  of  light,  and 
often  more  readily  by  one  colour  than  another.  The  remarkable 
and  interesting  processes  of  daguerreotype,  calotype,  and  photo- 
graph, or  the  production  of  pictures  by  the  simple  action  of  light, 
afford  good  examples  of  this  chemical  action.  In  some  cases,  again, 
chemical  combinations  are  effected  by  exposure  to  light,  and  not 
unfrequently  such  combinations  are  accompanied  by  decomposi- 
tions. Many,  but  not  all,  of  the  changes  produced  by  light,  may 
also  be  brought  about  by  a  trifling  elevation  of  temperature,  or 
dight  electrical  action,  and  many  substances  whose  affinity  for 
each  other  is  considerable,  develope  light  and  heat  at  the  moment 
of  their  combination.  Other  cases  occur  in  which  mechanical 
violence,  friction,  and  crystallization  are  accompanied  by  an  ex- 
hibition of  light,  often,  but  not  always  connected  with  the  presence 
of  heat  and  electricity. 

27.  Heat,  like  lignt,  is  obtained  firom  the  sun's  rays,  and  is  also 
excited  in  various  ways  by  mechanical  violence,  electrici^,  animal 
and  vegetable  life,  and  chemical  combination.  Eays  of  heat  are 
reflected  or  thrown  back  from  the  surface,  and  refracted,  or  bent, 
in  passing  into  a  different  medium,  like  rays  of  light,  but  heat  is 
conducted  along  certain  substances,  and  transmitted  through 
others,  more  completely  than  light,  and  under  different  conditions. 

Heat  is,  beyond  aU  other  forces,  that  which  chiefly  tends  to 
separate  the  atoms,  or  component  particles,  of  bodies  from  each 
other,  and  is  always  accompanied  by  changes  of  volume  when 
brought  to  act  on  any  substance.  It  is  therefore  eminently  a 
force  of  repulsion,  and  by  its  agency  gaseous  bodies  tend  con- 
stantly to  expand,  liquids  to  become  gases,  and  solids  to  become 
liquid,  and  afterwards  gaseous. 

Metals,  and  indeed  all  solids,  expand  when  heated,  but  the 
amount  is  generally  small,  and  different  in  different  substances. 
The  increase  is  not  uniform  in  all  dimensions,  as  some  crystalline 
bodies  alter  their  form  by  changes  of  temperature,  nor  is  it  invari- 
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ablj  tba  case  throughout  natui^  that  an  addition  of  temperature 
produces  expansion ;  water  offeriuje  a  remarkable  exception  among 
fluids,  and  a  compound  of  one-half  bj  weight  of  bismuth  with  one- 
fourth  part  of  lead  and  one  of  tin  presenting  a  similar  incongruity 
in  solids.  The  case  of  water  is,  howerer,  the  most  remarkable,  and 
is  of  very  great  importance,  as  upon  it  depend  many  striking  results 
in  the  general  economy  of  nature.  The  temperature  at  which  firesh 
water  is  most  dense  is  39°'2  Eahr. ;  while  that  at  which  it  freezes, 
or  passes  into  the  solid  state,  is  well  known  to  be  32^  Fahr. :  so 
that,  in  cooling  down  from  39°,  water  expands  before  solidifying. 
One  result  of  this  is,  that  ice  is  lighter  than  water,  and  floats  on 
its  surface  instead  of  sinking.  Another,  of  no  less  importance,  is 
the  great  change  efiected  by  the  alternate  eleyations  and  depressions 
of  temperature  that  take  place  in  many  parts  of  the  world  on  each 
side  of  the  point  of  great^  density,  and  the  corresponding  expan^ 
sions  and  contractions,  especially  in  mountain  districts. 

Heat  is  developed  during  all  chemical  change,  as  well  as  by  per- 
cussion, friction,  and  other  mechanical  violence,  and  by  the  passage 
gf  an  electric  current.  The  action  of  heat  alone  is,  in  many  cases, 
t  to  produce  decomposition,  this  being  the  case  with  water 
when  the  experiment  is  conducted  with  great  care ;  and  probably, 
at  some  temperature  or  other,  the  attraction  of  affinity  tending  to 
form  a  definite  chemical  compound  would  be  completely  overcome 
in  every  case,  and  the  elementary  state  of  the  component  parts 
attainea. 

28.  The  phaanomena  generally  described  as  due  to  electricity, 
galvanism,  and  magnetism,  apjpear  to  be  only  various  forms  in  which 
one  peculiar  force  exhibits  its  action.  Magnetism  is  that  form 
which  is  best  known  and  easiest  to  appreciate  on  a  small  scale, 
because  iron  and  some  of  its  oxides  and  alloys  exhibit  attraction 
and  repulsion  very  distinctly  and  powerfully,  and  show  a  tendency 
in  the  metal,  when  in  the  form  oi  a  needle  or  bar,  to  place  itseu 
in  a  constant  direction  with  reference  to  the  poles  of^the  earth, 
when  freely  suspended  in  space.  This  singular  property  has  been 
employed  now  for  a  long  time  in  the  mari/ner^s  compass,  as  a  means 
of  ascertaining  relative  position  on  the  earth's  surface.  It  has 
been  found  of  late  years  that  other  metals,  as  cobalt  and  nickel, 
partake  of  similar  properties*,  beins;  attracted  by  the  magnet,  and 
becoming  magnetic ;  but,  indeed,  all  matter  is  distinctly  acted  on, 
more  or  less  powerfuUy,  by  this  force,  since  those  elements  and 
compounds  which  cannot  be  made  magnetic,  or,  in  other  words, 
which  are  not  attracted  by  the  magnet  and  do  not,  when  freely 

*  The  foUowing  it  a  list  of  the  dements  which  are  now  recognised  as  magnetic ;  Tis.  iron, 
nickel,  cobalt,  manganese,  chromium,  cerium,  titanium,  palladium,  platinum,  osmium.  Copper 
and  idnc,  also,  although  in  a  simple  state  belonging  to  the  other  class,  are  in  certain  states  of 
eombination  magnetic  bodies. 
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suspended  in  bars,  arrange  themselves  paraUelto  the  earth's  axis 
(strictly  speaking,  one  of  the  magnetic  axes,  as  will  be  presently 
explained),  are  repelled  by  the  magnet,  and  arrange  themselves,  if 
having  the  form  of  a  bar,  in  what  maybe  called  an  equatorial  posi- 
tion,  that  ifl,  in  a  plane  at  right  angles  to  the  straight  line  joining 
the  two  poles*.  Of  all  substances  yet  esnperimented  on,  bismuth 
is  the  most  powerful  of  this  latter  kind  (called  diamagnetic  bodies), 
and  after  it  follow  phosphorus,  antimony,  zinc,  tin,  cadmium,  so- 
dium, mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium,  rhodium, 
iridium,  tungsten,  which  all  tend  to  place  themselves  equatorially 
when  undergoing  the  direct  action  of  magnetic  force.  The  cry- 
stalline conmtion  of  these  bodies  influences  very  greatly  the  direct 
action  produced  by  magnetic  force. 

29.  if  a  piece  of  amber  or  sealing-wax  is  rubbed  on  cloth,  it  ac- 
quires the  propertjr  of  attracting  light  bodies,  and  the  force  of 
attraction  thus  excited  is  capable  of  extremely  rapid  transmission 
either  through  or  upon  the  surface  of  certain  substances,  of  which 
all  the  common  metals  are  good  examples.  This  force  is  called 
Electricity.    It  is  diffused  throughout  all  matter,  andis  constantly 

Eroducing  effects  on  the  earth,  since  it  is  developed  not  merely  by 
iction  in  the  substances  already  named,  but  by  every  change  in 
mechanical  or  chemical  condition  effected  in  those  and  all  other 
substances  in  nature.  It  is  best  understood  by  regarding  it  as  the 
result  of  a  current  proceeding  from  or  through  each  material  sub- 
stance, or  of  some  principle  which  is  ever  active  in  maintaining  its 
equilibrium,  and  wnich  consequently  must  act  in  two  directions. 
It  well  illustrates  what  is  meant  by  the  expression  a  polar  force. 

However  we  may  define  or  limit  particular  exhibitions  of  polar 
force,  and  connect  them  with  or  separate  them  from  other  forms  of 
force,  such  as  that  of  gravitation,  cohesion,  or  ordinary  chemical 
agency,  there  is  no  doubt  of  the  mutual  relations  of  all  the  most 
important  of  them,  since  light,  heat,  electricity,  galvanism,  and 
magnetism  can  aU  be  made  to  bring  about  similar  results  and  tend 
to  change  the  position  and  alter  the  association  of  every  known 
form  of  matter,  whether  simple  or  compound. 

30.  The  phsBnomena  now  recognized  as  those  of  terrestrial  mag- 
netism, and  exhibited  in  various  conditions  and  appearances  of  the 
atmosphere  and  clouds,  have  been  attributed  to  currents  of  electri- 
city circulating  near  the  contact  of  air  and  earth  at  the  surface  of 
the  solid  matter  of  the  globe.  These  phenomena  are  illustrated 
by  the  following  experiments  and  fSacts. 

If  a  magnetic  bar  or  needle  is  freely  suspended  above  the  earth, 
it  assumes  a  given  direction  and  position,  which  is  an  indication  of 

*  This  result,  one  of  the  great  discoveries  of  Faraday,  can  onlj  be  obtained  by  the  os^  of  the 
most  powerful  magnets. 


20  PHYSICAL  aSOOBjlPHT. 

the  earth'B  magnetic  force.  This  direction  is  not  true  north,  ex- 
cept when  the  needle  is  suspended  on  one  of  two  lines  on  the 
earth's  surfjeu^,  called  lines  of  no  variation,  one  in  the  eastern,  the 
other  in  the  western  hemisphere.  The  American  line  passes  in  a 
south-easterly  direction  from  north  latitude  60°  to  the  west  of 
Hudson's  Bay,  across  the  American  lakes,  till  it  reaches  the  South 
Atlantic  Ocean,  and  cuts  the  meridian  of  Greenwich  in  about  65° 
south  latitude.  The  Asiatic  line  begins  in  south  latitude  60°,  bends 
westward  across  the  Indian  Ocean,  and  from  Bombay  has  an  in- 
flexion eastward  through  China,  and  then  northward  across  the 
Sea  of  Japan,  till  it  reaches  the  latitude  of  71°  north,  when  it  de- 
scends again  soi^thward  with  an  immense  semicircular  bend,  which 
terminates  in  the  "White  Sea. 

There  are  two  points  in  each  hemisphere  which  have  been  re- 
g^ded  as  stronger  and  weaker  points  of  attraction  on  opposite 
sides  of  the  earth's  poles  of  reyolution.  These  are  the  magnetic 
poles  of  the  earth,  and  are  considered  to  have  a  regular  motioa 
round  the  globe :  the  two  northern  ones  from  west  to  east,  and  the 
southern  ones  from  east  to  west,  so  that  the  line  of  no  yariation  is 
constantly  shifting. 

This  line  passed  through  London  during  the  years  1657  to  1662, 
when  the  needle  consequently  pointed  true  north.  The  variation 
commenced  after  the  latter  year,  and  continued  steadily  increasing, 
the  needle  always  pointing  west  of  true  north,  till  in  1815  it  di- 
verged as  much  as  24°  15'  17".  Since  that  time  it  has  been  slowly 
dirniniBhing,  and  in  Paris  in  1854  amounted  to  20°  lO'  48". 

81.  There  are  also  remarkable  yariations  in  the  dip  of  the  needle.  A  piece 
of  unmagnetized  steel,  if  carefully  suspended  by  its  centre,  will  swing  in  a  per- 
idctly  horizontal  position,  but  if  magnetized  this  bar  will  immediately  be  drawn 
downwards  at  one  end.  The  force  of  the  earth's  magnetism  attractmg  the  dis- 
similar pole  has  caused  it  to  dip. 

The  yariation  of  the  dip  of  the  needle  is  also  worthy  of  notice,  though  much 
smaller  in  amount  than  mat  of  direction.  Its  amount  in  1720  was  7^°'42',  in 
1780,  72°'8',  in  1820,  70^-3',  and  in  1853,  66^28'. 

It  is  eyident  that  the  amount  of  dip  is,  to  some  extent,  a 
measure  of  the  intensity  of  the  earth's  magnetism,  but  important 
modifications  hayebeen  obseryed,  and  there  is  a  regular  daily  and 
monthly  change  in  the  magnetic  intensity.  The  greatest  monthly 
change  is  in  December  and  June ;  jv^hilst  about  the  time  of  the 
equinoxes,  when  our  planet  is  at  the  greatest  mean  distance  frt)m 
the  sun,  a  minimum  is  obseryed. 

The  daily  yariation  of  intensity  is  greatest  in  the  siunmer  and 
least  in  the  winter.  The  magnetism  is  generally  found  to  be  at  a 
TTiiTiimiiTTi  when  the  sun  is  near  the  meridian,  its  intensity  increa- 
sing until  about  six  o'clock,  when  it  again  diminishes. 
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In  the  northern  hemisphere  are  two  poles  of  maximum  cold ; 
these  poles  agree  with  the  magnetic  points  of  convergence,  while 
the  line  of  maximum  heat,  which  does  not  run  parallel  to  the  earth's 
equator,  is  nearly  coincident  with  that  of  magnetic  power. 

32.  In  1760,  it  was  noticed  that  a  very  remarkable  display  of 
awrora  horealis  was  the  cause  of  a  peculiar  disturbance  of  the  mag- 
netic needle,  and  Dr.  Dalton  was  the  first  to  show  that  the  lumi« 
nous  rays  of  the  aurora  are  always  parallel  to  the  dipping-needle, 
and  that  the  auroral  arches  cross  the  magnetic  meridian  at  right 
angles.  It  does  not  appear,  however,  that  every  aiu*ora  disturbs 
the  magnetic  needle,  as  very  splendid  displays  of  the  phsenomenon 
have  been  recorded  which  (fid  not  appear  to  produce  any  tremor  or 
deviation. 

Sudden  and  violent  movements  have  been  from  time  to  time 
observed  to  take  place  in  suspended  magnets ;  and  since  the  esta- 
blishment of  magnetic  observatories  in  almost  every  part  of  the 
globe,  a  very  remarkable  coincidence  in  the  time  of  these  agitations 
has  been  detected.  They  are  frequently  connected  with  the 
appearance  of  aurora  borealis ;  but  this  is  not  constantly  the  case. 
These  disturbances  have  been  called  maanetic  storms,  and  over  the 
Asiatic  and  European  continent,  the  islands  of  the  Atlantic,  and 
the  western  hemisphere,  they  have  been  simultaneous. 

It  is  probable  that  these  storms  arise  j&om  a  sudden  displacement 
in  the  magnetic  lines  of  the  earths's  sur&ce,  but  the  cause  to 
which  this  may  be  due  is  still  to  be  sought  for*. 


CHAPTEE  in. 

OF  THE  EAETH  AND  THE  CONDITION  OP  MATTER  AT  ITS 

SUBFACE. 

33.  The  matter  of  which  the  earth  is  composed,  is  collected  into 
a  spherical  mass,  which,  in  consequence  perhaps  of  the  rotation  it 
has  about  an  axis,  is  slightly  compressed  at  the  poles  and  bulges  a 
little  at  the  equator.  The  surface  of  the  waters  of  the  ocean  is 
everywhere  nearly  equidistant  from  the  earth's  centre,  and  is  the 
surface  from  which  all  heights  or  depths  are  measured.  The  atmo- 
spheric veil  extends  to  an  unknown  out  comparatively  small  eleva^ 
tion  above  this,  and  the  extreme  depth  of  the  waters  of  the  ocean 

*  Hunt's  Poetry  of  Sdence,  p.  219-917. 
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maj  perhaps  amount  to  twice  the  extreme  altitude  of  the  mountains 
above  the  level  of  the  sea.  All  that  portion  of  the  solid  matter 
which  is  pjermanentl^  uncovered  by  water,  is  called  land.  Waters 
collected  in  depressions  or  hollows,  entirely  surrounded  by  land, 
and  fed  either  oy  running  streams  or  natural  springs,  are  called 
lakes,  or  inland  seaSy  and  are  usually  nearly  pure,  while  those  of 
the  ocean  and  of  some  lakes,  hold  in  solution  a  certain  pro- 
portion of  saline  matter.  It  is  probable  that  water  always  con- 
tains a  trace  of  those  various  mineral  substances  very  generally 
distributed  on  the  earth,  and  that  it  is  in  this  sense  a  truly 
universal  solvent. 

The  mean  density  of  the  globe  is  something  more  than  five  and 
a  half  times  that  of  water  (about  half  that  of  silver),  and  as  the 
density  of  most  of  the  rocks  found  at  the  surface  is  not  more  than 
half  as  great,  it  follows  that  the  interior  is  either  composed  of 
different  proportions  of  the  elementary  substances,  or  that  these 
matters  exist  there  in  a  far  denser  state. 

34.  The  following  measurements  of  the  earth  may  be  depended  on  for  general 
accuracy: — 

Our  planet  is  a  flattened  sphere,  of  which  Fig.  1. 

the  annexed  elliptical  diagram  (fig.  1)  is  a  sec- 
tional view;  a  b  represents  the  longer,  or  equa- 
torial diameter,  and  cd  the  shorter  or  polar 
diameter.     O  is  the  centre  of  the  ellipse. 

The  semi-major  axis    O  a  »  20,924,774  ft. 

The  semi-minor  axis   O  c  =  20,854,821  „ 

The  difference  or  amount  of  1         qq  gg^ 
flattening  J         -  '        ".i 

This  difference,  though  nearly  two  and  a 
half  times  the  height  of  the  loftiest  mountain 
on  the  surface  (28,000  feet),  is  little  more  than 
^^th  part  of  the  longer  Semidiameter  (O  a). 

The  extreme  difference  between  the  highest 
mountam  peak,  and  the  devest  depression  of 
the  sea,  may  together  equal  or  even  exceed  the  compression. 

The  surface  of  the  earth,  calculated  from  the  above  measurements,  amounts  to 
about  196,800,000  square  miles,  which  is  partly  dry  land,  and  partly  water, 
distributed  nearly  as  follows,  about  in  the  proportion  of  1  to  2*84. 

Land        51,500,000  square  British  statute  miles. 
Water     145,300,000 


Total      196,800,000 


)9 


9» 


» 
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Of  the  land,  again,  it  has  been  estimated,  that  about  2,150,000  square  miles 
only  (about  one  twenty-foxirthpart)  is  distributed  in  islands,  the  rest  (49,350,000 
square  miles)  being  in  large  masses  or  continents.  Australia,  however,  is  regarded 
as  a  continental  mass.  The  water  is  divided  into  fresh  and  salt  water,  but  the 
proportion  of  the  former  to  the  latter  is  not  more  than  one  to  five  hundred. 
^See  paragraphs  39  and  41  for  further  details  of  this  kind.) 
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It  is  requisite  to  observe,  that  here  and  elsewhere,  British  statute  milee  hflTe 
been  assumed,  as  the  measure  of  distance  most  fiEimiliar  to  the  majority  of  readers. 
Of  these  miles  there  are  about  sixty-nine  and  a  sixth  (69'157)  to  a  degree  at  the 
equator,  while  of  nautical  or  geographical  miles  there  are  only  sixty.  Thus  the 
statute  mile  contains  5280  English  feet,  and  the  geographical  mile  6086.  Much 
concision  has  arisen  in  the  measurement  of  elements  of  the  earth,  by  want  of 
attention  to  this  considerable  difference. 

86.  There  is  some  evidence  of  a  higher  temperature  existing 
beneath  the  earth's  crust  than  the  mean  temperature  of  the  surface 
at  ai^y  point.  Amongst  such  evidence  must  be  ranked  the  obser- 
vations made  in  deep  wells  and  mines,  at  depths  often  amountiag 
to  several  hundred  yards  below  the  level  of  the  adjacent  land ;  and 
also  the  facts  observed  wherever  communication  with  the  interior 
is  afforded,  either  by  the  natural  issue  of  water  from  deep  crevices 
in  certain  rocks,  or  by  those  more  striking  phenomena  exhibited 
by  volcanoes.  Eor  small  depths  and  in  temperate  climates  the 
increase  of  temperature  appears  to  be  nearly  uniform,  commencing 
at  a  point  where  the  variations  that  take  place  at  the  sur&ce  cease 
to  be  felt,  and  increasing  about  one  degree  of  Fahrenheit  for  each 
fifty-four  feet ;  but  there  is  no  reason  to  suppose  that  the  rate  of 
increase  continues  constant  at  greater  depths  than  those  hitherto 
attaiaed  in  mining,  while  there  is  no  doubt  that  the  temperature  is 
affected  by  the  nature  of  the  rock  passed  through. 

CareM  experiments  at  very  small  depths  have  been  made  by  various  persons, 
to  determine  the  rate  of  approximation  to  the  mean  annual  t^perature  at  par- 
ticular places.  In  1779,  a  set  of  observations  made  by  M.  Ott  at  Zurich  was 
published,  the  observations  extending  over  four  years,  and  seven  thermometers 
being  used,  at  depths  varying  from  6^  inches  to  6  feet  4^  inches  below  the  sur- 
{Buce.  The  variation  was  found  to  diminish  from  36^*18  ¥.  in  the  first  case,  to 
17^*46  in  the  last.  Other  observations,  made  more  recently  in  Scotland  with 
four  thermometers  sunk  1,  2,  4,  and  8  feet  respectively,  yielded  variations  of 
25%  20%  15%  di**  respectively. 

In.  observations  at  more  considerable  depths,  the  rate  of  increase  of  temperature 
has  been  found  to  vary  very  much,  the  range  extending  from  l**in  22  feet  to  1®  in 
157,  but  in  nineteen  out  of  twenty-one  cases  reported,  the  range  was  1**  in  80 
to  77  feet,  the  mean  in  the  latter  cases  being  1°  in  49  feet. 

It  must  be  remembered,  however,  that  in  manv  cases  the  temperature  of  deep 
mines  has  become  very  greatly  reduced,  when  m>m  any  cause  they  have  been 
long  disused.  In  some  cases  in  Cornwall  the  temperature  of  deep  mines  has 
been  54°  or  56°  at  all  depths  when  the  mines  were  abandoned.  See  Annals  of 
Philosophy,  2nd  series,  iii.  308-415 ;  v.  34. 

In  mines  within  the  tropics  the  temperature  does  not  appear  to  increase  with 
much  regularity,  or  to  be  greatly  dependent  on  the  depth. 

The  temperature  of  deep  water  in  the  Caribbean  Sea,  was  shown  by  Capt. 
Sabine's  experiments  (Phil.  Trans.  1823)  to  amount  to  45°  (Httle  more  than 
the  temperature  of  water  at  its  greatest  density).  In  other  observations  made 
by  M.  Perron  similar  results  were  obtained. 

The  increase  of  temperature  observed  in  sinking  the  deep  well  at  Ghrenelle  at 
Paris  (1813  feet),  was  at  the  rate  of  1°  Fahr.  to  58*28  feet.    In  a  very  dsep  mine 
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at  New  Salzwerk,  near  Minden,  in  FniBsia,  it  k  1^  in  53*88  feet,  to  a  depth  of 
.2000  feet ;  and  about  the  same  near  Geneva,  at  a  considerable  depth  below  the 
«urfiEtce,  but  at  an  absolute  eleyation  of  1600  feet  above  the  sea.  The  general 
result  of  a  yery  large  number  of  observations  in  the  Saxonj  mines,  at  depths  of 
about  1^000  feet,  gives  the  increase  as  l'^  in  76*26  feet ;  but  in  a  deep  coat  pit  in 
Durham  (Monkwearmouth)  at  a  depth  nearly  the  same,  it  is  1°  in  rather  more 
than  59  feet.  In  a  very  deep  Artesian  well  recently  sunk  at  Mondorf,  on  the 
frontier  of  France  and  Luxembourg  to  a  depth  of  nearly  2300  feet,  the  water 
at  2200  feet  had  a  temperature  of  98°  Fahr.,  showing  an  increase  at  the  rate  of 
r  Fahr.  for  each  54  feet.     See  §  93. 

36.  The  atmospheric  veil  surroxinding  our  earth  has  a  definite 
limit,  probably  at  a  distance  considerably  less  than  a  hundred  miles 
£rom  the  level  of  the  sea,  and  within  these  limits  it  seems  to  consist 
pretty  uniformly  of  an  admixture  of  20*80  parts  (by  volume)  of 
oxygen  to  79*12  of  nitrogen,  together  with  small  quantities  of 
other  substances,  of  which  aqueous  vapour,  carbonic  acid  gas,  car- 
buretted  hydrogen  gas,  and  ammoniacal  vapours,  have  been  clearly 
determined.  The  atmosphere  performs  a  most  important  part  in 
modifications  daily  taking  place  on  our  globe,  besides  being  inti- 
mately connected  with  the  existence  of  organic  life.  Being  highly 
expansive,  the  density  of  the  air  is  found  to  diminish  rapidly  as  we 
ascend  to  greater  altitudes. 

37.  It  has  been  already  stated  (§  34)  that  about  three-fourths 
of  the  surface  of  the  globe  is  covered  by  water,  but  the  land 
of  which  the  remaining  part  is  made  up  is  by  no  means  level, 
nor  is  it  distributed  so  as  to  form  a  connected  area.  Its  surface, 
on  the  contraiy,  is  in  the  highest  degree  irregular ;  and  if  the 
student  remember  the  general  arrangement  and  form  of  the  land, 
or  wiU.  examine  a  terrestrial  globe,  or  a  good  map  of  the  world,  he 
may  at  first  see  nothing  in  the  distribution  of  the  land  that  appears 
referable  to  the  uniform  action  of  regular  laws.  It  is,  however,  the 
object  of  science  to  discover  order  in  the  apparent  confusion  of 
natural  phsenomena,  and,  with  the  aid  of  geological  research,  much 
that  is  highly  important  has  been  detected  even  in  this  department 
of  observation. 

It  is  evident  that  we  must  regard  the  land  both  in  reference  to 
its  horizontal  and  vertical  extension,  if  we  would  form  any  notion 
of  its  mass  above  the  waves ;  and  shoidd  it  appear  that  mechanical 
force  has  been  exerted  to  produce  the  total  elevation  above  the  sea, 
the  whole  of  the  raised  portion,  and  not  only  its  mere  height,  will 
demand  careful  attention.  We  must  not  then,  in  treating  of  the 
land,  neglect  to  take  into  account  low  plains,  or  plains  of  moderate 
elevation,  or  disregard  them  while  examining  the  details  of  moun- 
tain chains  or  plateaux  of  extremely  high  ground,  and  the  corre- 
sponding deep  gorges.  However  interesting  as  picturesque  objects, 
these  latter  appearances  have  considerably  less  effect  upon  the 
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general  mass,  and  the  animal  and  vegetable  inhabitants,  than  many 
plains  removed  only  a  few  hundred  feet  above  the  sea. 

38.  The  first  point  to  be  discussed  is  the  form  of  the  land,  and, 
as  far  as  it  can  be  determined,  the  form  also  of  the  sea-bottom, 
considered  in  reference  to  horizontal  extension.  The  form  of  the 
principal  masses  of  land  (the  continents)  is  chiefly  triangular,  t'ae 
base  of  the  triangle  being  towards  the  north,  and  the  apex  towards 
the  south.  This  is  well  seen  in  the  Old  World,  where  the  prin* 
cipal  direction  of  the  land  in  length  is  from  east  to  west,  while  on 
the  other  hand,  the  numerous  pointed  extremities,  such  as  those  of 
Africa,  Arabia,  India,  the  Malayan  peninsula,  <&c.,  are  all  towards 
the  South  Pole.  It  is  also  seen  in  the  form  of  the  two  Americas, 
and  in  the  niunerous  islands  and  groups  of  islands  in  the  southern 
hemisphere.  Almost  all  the  principal  promontories  and  peninsulas 
of  the  world  seem  to  point  southwards. 

Another  fact  as  to  the  horizontal  extension  of  land,  is  the  remark- 
ably serrated  and  indented  outline  of  coast  of  the  northern,  and 
especially  the  north-western  part  of  the  Old  "World,  and  the  com- 

Earativefy  smooth  outline  of  Africa  and  the  two  Americas.  In  the 
itter  continent  this  is  combined  with  a  remarkably  perfect  system 
of  navigable  streams,  all  emptying  themselves  on  the  Atlantic  side. 
In  Africa,  on  the  contrary,  the  oceanic  coast  line  receives  hardly 
any  drainage,  compared  with  the  extent  of  the  continent. 

The  whole  mass  of  land  is  divided  into  two  principal  portions, 
one  portion,  sometimes  called  the  great  continent,  including  lEhirope, 
Asia,  and  Africa,  and  the  other  the  two  Americas,  which  are  united 
by  the  Isthmus  of  Darien,  and  also  at  intervals  by  the  West  Indian 
Islands.  The  separation  of  the  two  great  continents  is  by  the 
channel  called  the  Atlantic  Ocean,  of  which  the  eastern  and  western 
shores  seem  to  correspond  to  a  very  remarkable  extent,  and  which, 
being  very  much  more  extended  in  hititude  than  in  longitude,  aflects 
tidal  waves,  and  is  affected  by  currents,  rather  as  a  canal  than  an 
open  ocean. 

39.  It  is  not  unworthy  of  notice,  that,  of  the  whole  area  of  land 
(51,500,000  square  miles),  a  very  large  proportion  extends  north 
of  the  equator,  and  it  also  appears  singularly  arranged  in  other 
respects,  so  that  if  the  globe  were  divided  into  two  hemispheres,  the 
centre  or  pole  of  one  being  in  England,  that  one  would  contain 
almost  all  the  land,  and  the  other,  with  the  exception  of  New  Zea- 
land, would  be  found  almost  everywhere  covered  with  water.  It  is 
also  the  case,  that  only  about  -^th  part  of  the  existing  land  has  land 
directly  opposed  to  it  in  the  opposite  hemisphere. 

The  following  table  gives,  in  round  numbers,  the  distribution  of 
the  land  into  its  natural  and  political  divisions : — 

C 
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Square  Miles, 
r  Europe  and  the  adjaoent  islaads      3,750,000 
The  great  continent  •<  Asia  and  its  bland«  17,500,000 

[AMca  and  its  islands  11,870,000    33,120,000 

TNorth  America  and  its  islands         7,750,000 
America  <  South  America  and  its  islands         6,500,000 

[West  Indian  Islands  150,000     14,400,000 

A.    *«-i    •  /Australia  3,OQO,000 

Australasia  \  Pacific  Islands,  &c.  980,000      3,980,000 

61,500,000 

40.  Without  passing  beyond  the  actual  limits  of  direct  obser- 
vation, we  find,  by  the  result  of  soundings,  and  bj  other  investiga- 
tions carefuUy  made,  that  the  general  configuration  of  the  land  is 
continued  to  some  distance  at  sea.  Thus,  if  an  alteration  of  level 
were  to  take  place  to  such  an  extent  that  the  sea  should  in  a  short 
time  be  reduced  a  thousand  feet  below  its  present  level,  a  large 
tract,  reaching  from  the  Scandinavian  coast  to  the  islands  off  the 
west  coast  of  Africa,  would  become  diy  land,  deeply  indented  in  a 
few  places,  but  possibly  not  altering  very  much  the  general  form  of 
the  European  continent.  But  if  this  depression  of  the  sea  should 
be  contiaued  for  another  thousand  feet,  ver^  little  further  change 
would  be  recognised;  and  thus  there  are  in  this  case  decided  ph^i^ 
features,  permanent  through  great  varieties  of  condition,  tending  to 
prove  that  the  cause  of  such  phsBUomena  as  we  have  described  must 
be  sought  for  far  back  in  the  history  of  the  world,  and  must  have 
reference  to  causes  of  very  wide  application. 

41.  The  distribution  of  the  water  is  manifestly  dependent  on 
that  of  the  land,  and  detached  oceaos  are  constituted  according  to 
the  form  of  the  continental  masses. 

Although  properly  speaking  there  is  but  one  great  ocean,  for  it 
is  nowhere  so  completely  cut  off  and  enclosed  that  a  free  commu- 
nication does  not  exist  with  other  seas,  yet  the  land,  by  its  elonga- 
tion from  the  Arctic  to  near  the  Antarctic  Circle,  and  by  numerous 
bold  and  marked  projections,  separates  the  water  into  five  princi- 
pal portions,  which  are  called  respectively  the  Pacific,  the  Atlantic, 
the  Indian,  the  Arctic,  and  the  Antarctic  Oceans.  The  relative 
magnitude  of  these,  including  the  inland  seas  opening  from  them, 
will  be  seen  at  once  by  the  following  table,  and  we  shall  proceed 
to  describe  some  of  their  more  marked  peculiarities : — 

Square  Miles, 
r  Pacific  Ocean  90,000,000 

The  Great  Ocean     <  Indian  Ocean  23,000,000 

(.Antarctic  Ocean        2,000,000    115,000,000 


TheA^tieOan.l{i^«S.r"       27gJO0O 


3,000,000      30,000,000 
Total  area  of  Ocean  145,000,000 


26-910  parts 

5-645 

4-660 

1-279 

•300 

•356 

89-150 

DISTBIBXrTIOK  Or  WATBE.  27 

In  addition  to  the  water  thus  distributed,  there  is  also  an  area  of  about  300,000 
square  nules  occupied  by  the  water  of  lakes  and  rivers,  and  of  this  the  great 
lakes  of  North  America,  communicating  with  the  ooean  by  the  St.  Lawrence, 
and  the  river  St.  Lawrence  itself,  form  nearly  one-half.  G^ie  mean  depth  of  the 
ocean  has  been  estimated  by  Humboldt  to  amount  probably  to  about  1000  feet. 

42.  The  water  of  the  ocean  contains  a  certain  per-centage  of  several  salts  in  a 
state  of  solution,  and  generally  also  some  gaseous  substances.  The  proportion 
of  salt  is  larger  at  great  depths,  and  amongst  the  gases  carbonic  acid  gas  is  also 
more  abimdant  in  the  deeper  parts  of  the  ocean.  The  mean  proportion  of  solid 
matter  in  the  ocean  has  been  estimated  as  somewhat  more  thsm  thirty-nine  parts 
in  one  thousand  (3*915  per  cent)  and  the  different  ingredients  in  one  thousand 
parts  (by  measure),  are  thus  distributed : — 

Common  salt 
Chloride  of  magnesium 
Sulphate  of  Bo£b 
Carbonate  of  lime 
Silica 
Undetermined 


Taking  the  mean  depth  of  the  ocean,  as  estimated  by  Humboldt,  to  be  about 
1000  feet,  and  the  area  145,000,000  square  miles,  we  shall  thus  have  the  follow- ' 
ing  totals,  reducing  the  approximate  measurement  to  tons,  as  the  measure  of 
quantity  best  understood, — 

Conmion  salt  6,441,600,000  millions  of  tons. 

Chloride  of  magnesium  1,267,200,000      „  „ 

Sulphate  of  soda  950,000,000      „  „ 

Carbonate  of  lime  389,400,000      „  „ 

Silica  97,000,000      „  „ 

43.  The  Atlai^^tio,  although  small  compared  with  the  Pacific  or 
great  ocean,  is  of  vast  importance  to  man,  whether  we  consider  the 
actual  extent  of  its  coast  line,  the  countries  which  are  enabled  by 
it  to  hold  free  communication  with  each  other,  or  the  numerous 
inland  seas  cpnnected  with  it.  It  extends  north  and  south  from 
the  Arctic  almost  to  the  Antarctic  Circle,  with  a  breadth  of  less 
than  1000  miles  between  Greenland  and  Norway,  of  barely  1800 
miles  at  the  equator  (or  rather  in  6°  south  latitude),  and  not  more 
than  4000  miles  at  its  greatest  width  between  Florida  and  the 
coast  of  Morocco.  Its  length,  if  measured  from  the  Arctic  to  the 
Antarctic  Circle,  would  be  nearly  10,000  miles ;  but  if  taken  from 
the  Arctic  Sea  to  the  latitude  of  the  Cape  of  Good  Hope,  which 
is  the  part  fairly  enclosed  on  each  side  by  land,  it  amounts  to  7000 
miles. 

Its  area  is  roughly  estimated  at  twenty-seven  millions  of  square 
miles,  including  the  inland  seas  which  open  from  it,  and  which  are 
remarkable  for  their  great  extent.  Amongst  them  are  the  Medi- 
terranean and  the  Baltic  in  the  Old  World,  and  the  Gulf  of 
Mexico,  the  Caribbean  Sea,  and  Hudson's  Bay,  in  the  New  World. 

The  opposite  coasts  of  the  Atlantic  so  correspond  throughout  in 

o2 
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their  general  outline  as  to  give  to  this  ocean  something  of  the 
aspect  of  a  valley,  and  the  numerous  indentations,  especially  on  the 
eastern  side,  give  a  total  length  of  coast  line  amounting  to  55,300 
miles*,  far  more  than  could  be  anticipated  from  the  area,  and 
enormously  greater  in  proportion  than  in  the  other  oceans. 

The  extent  of  river  drainage  emptying  into  the  Atlantic  is  also 
exceedingly  large,  bein^,  in  fact,  more  than  double  that  received 
by  the  Pacific  and  Indian  Oceans  together,  although  the  area  of 
ocean  in  the  latter  case  is  more  than  four  times  as  great.  Mea- 
suring the  whole  areas  from  the  line  of  water-shed,  it  appears  that 
the  drainage  area  of  the  Atlantic  is  not  less  than  26,000,000  square 
miles,  but  of  this  extent  only  about  10,250,000  are  referable  to 
distinct  river  systems. 

44.  G^ie  form  and  physical  features  of  the  ocean  bottom  of  the  Atlantic,  be- 
tween the  northern  part  of  South  America  and  the  latitude  of  London,  are  now 
known  with  sufficient  accuracy  to  admit  of  general  description.  Down  to  latitude 
15°  north,  and  parallel  to  the  European  coast,  is  a  large  north  and  south  tract 
from  2000  to  3000  fathoms  deep,  extending  between  the  Canary  Islands  and  the 
Azores ;  whUe  a  broad  belt  of  much  higher  le^el  (nowhere  deeper  than  2000 
&thom8,  and  generally  much  less)  and  of  very  irregular  form,  reaches  to  about 
55°  west.  Beyond  this  a  yery  de^  and  almost  un&thomable  region,  ererywhere 
more  than  4000  fathoms,  and  generally  more  than  5000,  extends  east  and  west 
between  35°  and  40°  north  latitude  between  45°  to  65°  west  longitude. 

The  West  Indian  Islands  are  connected  with  the  shallower  bottom  of  2000 
fiftthoms  by  soundings  which  nowhere  exceed  3000  fathoms,  and  in  latitude  20 
north,  and  longitude  60  west,  the  breadth  of  this  shallower  portion  is  singularly 
narrow.  Farther  south  there  is  a  belt  of  very  deep  wat^  (more  than  3000 
fftthoms)  nearly  parallel  to  the  South  American  coast  and  much  nearer  the 
American  than  the  African  side.  Ihe  steepness  of  the  sea-bottom  is  generally 
much  greater  near  the  American  coast,  the  depression  being  nearly  20,000  feet 
in  500  miles  almost  everywhere  on  that  side  except  near  the  Gulf  of  Mexico  and 
the  Caribbean  Sea,  in  neither  of  which  is  there  a  depth  of  1000  fiithoms  in  any 
partf. 

45.  Of  the  inland  seas  opening  into  the  Atlantic,  the  Mediterra- 
nean, including  the  Adriatic  and  the  Levant,  has  an  area  of  972,000 
square  miles,  and  affords  a  navigation  of  3500  miles,  its  extreme 
length  being  23(X)  miles  from  Gibraltar  to  the  coast  of  Syria,  and 
its  narrowest  part  between  Sicily  and  Africa  about  90  nules.  It 
receives  the  drainage  of  about  1,0(X),000  square  miles  of  country, 
and  includes  a  number  of  islands,  of  which  Sicily,  Sardinia  and 

*  Tbu  length  is  obtained  as  follows  :  Brit.  st.  Miles. 

European  coast  (including  North  coast  of  Mediterranean) 19|600 

Asiatic  coast  (Black  Sea,  Sea  of  Marmora,  and  East  coast  of 

Blediterranean) 3,500 

African  coast  of  Mediterranean 2,300 

West  coast  of  Africa 6,900 

32,300 

Atlantic  coast  of  the  two  Americas  and  Gulf  of  Mexico  I  o„  ^^a 

including  Greenland f  ^^'""^ 

Total  length  of  coast  line 56,300 

t  Physical  Geography  of  the  Sea,  by  iieut.  Maury,  U.S.N. 
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Corsica,  the  Balearic  islands,  and  the  Greek  islands,  are  the  most 
important.  The  depth  of  this  sea  is  veiy  great,  but  the  tides  are 
small  and  variable.  Its  waters  are  much  salter  than  those  of  the 
Atlantic. 

The  Black  Sea  (or  Euxine),  the  Sea  of  Marmora,  and  the  Sea  of 
Azof  are  to  a  certain  extent  subordinate  to  the  Mediterranean, 
with  which  they  communicate.  They  together  occupy  an  area  of 
about  177,160  square  miles,  and  drain  an  area  of  1,300,000  square 
miles.  Their  waters  are  only  brackish,  owing  to  the  large  quantity 
of  fresh  water  which  they  receive. 

The  Baltic  occupies  about  135,000  square  mHes.  Its  total 
length  (including  the  Gulf  of  Bothnia)  is  about  1000  miles,  and 
its  mean  breadth  less  than  160  miles.  G[?he  Gulf  of  Finland  runs 
about  300  miles  to  the  east  with  a  width  of  from  fifty  to  eighty 
nules.     The  White  Sea  has  an  area  of  about  38,000  m&es. 

The  area  of  land  draining  into  the  Baltic  includes  about  one  fifbh  of 
the  surface  of  Europe,  amounting  to  nearly  800,000  square  miles. 
Owing  to  the  number  and  magnitude  of  the  rivers,  and  the  very 
large  quantity  of  fresh  water  thus  received,  and  also  to  the  melting 
of  snows  from  the  adjacent  high  land  in  the  spring  and  short 
northern  summer,  the  proportion  of  salt  contained  in  its  waters  is 
always  less  than  that  in  the  adjacent  seas ;  it  varies  also  consider- 
ably. The  depth  of  the  Baltic  is  small,  the  deepest  soundings  not 
exceeding  116  fathoms,  whilst  in  general  a  bottom  is  found  at  from 
forty  to  sixty  fathoms.  GDhe  tides  are  small,  but  the  water  is  sub- 
ject to  alterations  of  level,  which  have  not  been  yet  satisfactorily 
explained. 

The  weight  of  the  water  taken  from  the  centre  of  the  Baltic,  is  to  that  of  fresh 
water  as  1*04  to  1,  that  of  the  Atlantic  being  1*283  to  1.  The  mean  proportion  of 
salt  to  water  in  the  Baltic  is  estimated  at  only  about  three  per  cent.,  whereas  in 
the  water  of  the  open  ocean  it  is,  as  we  have  seen,  nearly  four  per  cent. 

46.  The  Gulf  of  Mexico  and  the  Caribbean  Sea  occupy  the  prin- 
cipal space  between  the  two  Americas,  and  are  connected  by  several 
straits  with  the  Atlantic.  They  are  separated,  from  each  other  by 
the  island  of  Cuba  and  the  peninsula  of  Yucatan,  which  stretch 
across  from  east  to  west.  The  extreme  length  of  the  combined 
waters  is  nearly  3600  miles,  and  a  multitude  of  islands  and  reefs 
are  enclosed,  which  render  navigation  difficult.  The  area  of  the 
Gulf  of  Mexico  is  estimated  at  more  than  800,000  square  miles, 
and  that  of  the  Caribbean  Sea  at  1,360,000  square  nules.  The 
depth  is  generally  between  600  and  1000  fathoms,  and  the  waters 
are  extremely  warm. 

Hudson's  Bay  is  an  extensive  and  nearly  ejiclosed  sea  on  the 
eastern  side  of  North  America,  opening  into  the  Atlantic  by  Hud- 
son's Strait.     Its  area  nearly  equals  that  of  the  Mediterrane*"*- 
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It  is  more  than  570  miles  across  in  its  widest  part,  and  extends  in 
length  for  1200  miles.  The  depth  of  water  in  the  middle  has  been 
estunated  at  150  fathoms,  but  is  probably  greater.  The  coasts  are 
for  the  most  part  high  and  rocky,  except  along  the  south-western 
shores. 

Baffin's  Bay  is  an  extensive  gulf,  about  900  miles  long  and  820 
in  average  breadth,  and  its  area  is  about  400,000  square  miles. 
It  reaches  £sir  into  the  Arctic  Circle,  and  its  shores  are  generally 
high,  with  perpendicular  cliffs,  backed  by  stupendous  ranges  of 
mountains,  and  always  covered  with  snow.  Many  of  the  gigantic 
icebergs  that  float  down  the  coast  of  America  take  their  nse  in 
the  narrow  gorges  and  clefbs  of  the  bold,  rocky  cUfls  at  the  head  of 
this  bay. 

47.  The  Pacifio  Ocean  occupies  an  area  of  no  less  than 
90,000,000  of  square  miles,  without  including  the  Indian  and 
Antarctic  Oceans,  which  properly  form  part  of  it,  since  they  commu- 
nicate by  perfectly  open  passages.  It  is  terminated  towards  the 
north  by  Behring's  Straits,  which  afford  a  passage,  about  forty-five 
nules  wide,  to  the  Arctic  Sea ;  and  it  extends  southwards  towards 
the  Antarctic  Pole,  being  terminated  only  as  an  open  ocean  by  the 
ice-bound  coasts  of  Victoria  and  Enderbv's  Land,  hitherto  very 
imperfectly  surveyed.  Its  average  breadth,  for  a  great  part  of  its 
extent,  is  not  much  short  of  10,000  miles.  Including  the  Indian 
Ocean,  its  coast  line  is  not  longer  than  47,500  miles*,  less,  there- 
fore, than  the  coast  line  of  the  Atlantic  by  nearly  8,000  miles,  not- 
withstanding its  much  greater  extent. 

Of  this  extensive  tract  of  water  large  portions  are  enormously 
deep ;  and  out  of  the  midst  of  these  depths  arise  innumerable 
reefs  and  islands.  The  shores  on  the  eastern  or  American  side, 
offer  no  extensive  bays,  gulfs,  or  inland  seas,  being  much  less  fre- 
quently or  deeply  indented  than  is  the  case  with  the  Atlantic. 
The  eastern  side  is  also  singularly  £ree  from  islands,  but  on  the 
western  a  range  of  islands  extends  parallel  to  the  shore,  enclosing 
the  Sea  of  Okhotsk,  the  Sea  of  Japan,  the  Chinese  Sea,  and  the 
Yellow  Sea,  the  only  representatives  of  the  inland  seas  which  form 
such  remarkable  features  of  the  Atlantic. 

The  general  form  of  this  ocean  more  resembles  that  of  a  wide, 
open,  natural  basin  than  is  the  case  with  the  Atlantic,  but  an  ex- 
tensive portion  extending  within  the  tropics  fkr  eastward  from  the 
Malayan  peninsula,  being  greatly  interrupted  bj  numerous  islands 
and  coral  banks,  the  tidal  wave  is  impeded  as  it  advances,  instead 
of  being  increased,  as  it  is  by  the  long,  narrow,  meridional  channel 
of  the  Atlantic. 

*  The  cMtern  and  ■outhem  ooasts  of  Aria  measure  about  87,000  miles,  and  the  east  coast  ci 
Africa  about  6600  miles.    The  American  coast  of  the  Pacific  may  extend  to  15,000  miles. 
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The  currents  in  tlie  Pacific  are  less  considerable  in  magnitude 
and  force,  and  in  so  far  are  less  important,  than  in  the  Atlantic. 
Its  shores  exhibit  the  remarkable  phenomenon  of  a  complete  fringe 
of  volcanoes,  and  the  central  and  western  part  of  its  bed  is  sup- 
posed to  present  an  area  of  recent  and  present  depression.  Its 
whole  eastern,  northern,  and  southern  portions  are  singularly  free 
from  islands  of  any  kind,  while  in  the  western  part  are  the  most 
remarkable  groups  and  the  most  interesting  ana  extensive  islands 
that  exist  on  the  globe.  Of  those  in  the  open  ocean  almost  all  are 
either  volcanic  or  coralline,  the  former  generally  rising  to  a  peak, 
and  the  latter  containing  one  or  more  shallow  lakes  or  lagoons. 
Extensive  and  remarkable  peninsulas  project  fit)m  the  bordering 
continents,  chiefly  on  the  Asiatic  side,  where,  as  we  have  said, 
there  exists  a  complete  fringe  of  islands,  extending  so  continuously, 
that  no  part  of  the  eastern  shores  of  the  great  continent  is  reached 
drrectlvDy  the  waters  of  the  Pacific. 

48.  The  shores  washed  by  the  Pacific  may  be  described  as  high 
and  rocky,  offering  in  this  respect  a  contrast  with  the  Atlantic, 
whose  coasts  are  to  a  great  extent  sloping,  and  not  scarped.  This 
is  explained  by  the  fact  that  most  of  the  priQcipal  mountain  ranges 
occur  parallel  to  the  Pacific  coast  of  America,  and  at  no  great 
distance  fit)m  it,  while  the  priacipal  mountains  of  the  Old  World 
are  across  the  continent,  in  its  centre,  and  not  in  the  direction  of, 
or  very  near,  either  coast. 

The  inland  seas  connected  with  the  Pacific  offer  no  peculiarities 
requiring  special  notice.  All  those  on  the  east  coast  of  Asia  par- 
take of  the  nature  of  open  gulfs  and  bays,  and  have  several  com- 
munications with  the  ocean. 

The  Indian  Ocean  is  sometimes  regarded  as  an  appendage  to 
the  Pacific,  and  is  estimated  to  occupy  23,000,000  of  square  miles. 
It  includes  the  Bed  Sea,  the  Persian  Gulf,  the  Arabian  Sea,  and 
the  Bay  of  Bengal,  of  which  the  two  latter  are  open  gulfs,  and  the 
former  a  sea  of  small  dimensions. 

49.  Land  does  not  extend  so  far  as  either  to  the  North  or  South 
Poles  of  the  earth,  and  the  cold  icy  seas  withiu  the  Arctic  and 
Antarctic  Circles  are  called  respectively  the  Arctic  and  Antarctic 
Oceans.  The  former  contains  about  4,000,000  of  square  nules, 
and  is  connected  with  the  Pacific  by  Behring's  Straits  and  with 
the  Atlantic  by  the  wide  strait  between  Norway  and  Greenland,  its 
extreme  breadth  being  about  2,000  nules.  The  Antarctic  Circle 
probably  contaiiis  more  land  than  the  Arctic,  and  the  extent  of 
the  Antarctic  Ocean  must  be  reckoned  as  smaller ;  but  little  is 
known  of  this  part  of  the  world,  the  climate  being  far  more 
excessive,  and  the  land  much  less  approachable,  in  very  high  lati- 
tudes in  the  southern  than  in  the  northern  hemisphere. 
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The  Arctic  Ocean  lias  a  coast  line  of  not  less  than  6,000  miles, 
of  which  about  one  half  is  Asiatic.  It  drains  a  vast  tract  of 
country  in  Asia,  and  a  considerable  portion  of  North  America ; 
and  its  Asiatic  coast  is  broken  into  some  very  extensive  gulfs  and 
inland  seas,  of  which  the  White  Sea  is  the  most  known.  The 
whole  area  of  its  drainage  is  probably  not  less  than  8,000,000  of 
square  miles.  The  Antarctic  Ocean  probably  receiyes  no  water 
inrom  the  snow-covered  land  which  has  been  discovered  to  exist 
near  the  South  Pole,  and  which  alone  approaches  it,  but  large 
quantities  of  ice  are  separated  every  year  from  the  cMb,  and  dnft 
down  into  warmer  seas. 

50.  Almost  all  the  different  rivers  of  the  globe  either  directly  or 
indbectly  empty  themselves  into  the  sea,  or  else  enter  some  conti- 
nental li^e,  where  the  evaporation  or  absorption  equals  the  supply 
of  water  afforded ;  and  thus  the  whole  of  the  land  receiving  rain, 
and  not  immediately  absorbing  or  evaporating  it,  may  be  marked 
out  into  areas  of  natural  sur&ce  drainage,  called  river  basins  or 
river  systems.  Of  these  a  very  large  proportion  of  the  principal 
ones  pour  their  tribute  into  the  Atlantic  Ocean,  and  only  a  few  of 
any  miportance  into  the  Pacific.  Most  of  the  great  rivers  of 
Northern  Asia,  and  some  of  the  North  American  streams,  how- 
ever, empty  themselves  into  the  Arctic  Ocean,  and  some  terminate 
in  the  Aralo-Caspian  depression,  or  in  the  plateau  of  Central  Asia. 
The  largest  river  on  the  globe,  measured  by  the  volume  of  water 
brought  to  the  sea,  appears  to  be  the  Amazons,  which  drains  an 
immense  country,  and  carries  a  current  of  fresh  water  into  the 
ocean  to  a  distance  of  300  miles  from  the  coast  line.  The  Missis- 
sippi, La  Plata,  and  the  Orinoco,  other  gigantic  rivers  of  America, 
are  also  remarkable  for  their  vast  extent,  and  the  interest  attaching 
to  them  in  respect  of  the  land  they  drain.  The  great  rivers  of 
India  (the  Ganges,  the  Euphrates,  and  others),  the  rivers  of  China, 
and  those  that  empty  themselves  into  the  North  Polar  Sea,  come 
next  in  order  of  magnitude  and  extent  of  drainage;  and,  lastly, 
there  are  the  rivers  of  Europe,  which,  however,  are  well  worthy 
of  notice  for  their  influence  on  cultivation,  and  their  absolute 
importance  owing  to  geographical  position. 

The  following  table  wiU  show  the  supposed  extent  of  the  various 
river  systems  of  the  world.  It  can  at  present  be  regarded  only  as 
a  broaa  generalisation  of  a  number  of  facts  mapped  down  by  geo- 
graphers, and  must  be  corrected  as  the  physical  features  of  the 
world  are  more  accurately  recorded. 
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87,000 
66,000 
4S,250 
40,000 
32,600 
80,000 
29,000 
26,000 
20,000 
17,500 
16,760 
6,500 
69,500 
76,600 
62,000 
44,500 


80,000 
40,000 
87,000 
33,000 

700,000? 
600,000? 


402,000 

11,000 

12,000 

1,300,000 

260,000 

95,000 

10,000 

2,000,000 

1,176,000 

380,000 

336,000 


rthofnuM 

niliL 

410 

700 

400 

780 

375 

600 

300 

BOO 

225 

370 

260 

400 

410 

650 

275 

480 

206 

300 

280 

820 

1K6 

220 

180 

220 

360 

BOO 

820 

600 

820 

560 

320 

660 

27B 

530 

70 

116 

1000 

1750 

fiSO 

1260 

4fiO 

1160 

410 

B20 

260 

400 

286 

640 

810 

480 

1600? 

2600? 

1400? 

2600? 

976 

2060 

2fiB 

300 

205 

800 

1600 

4000 

1400 

2000 

640 

1000 

21 S 

300 

1780 

? 

1180 

2200 

1150 

1800 

4£5 

1550 

1000 
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51.  The  lakes  or  inland  seas,  chiefly  of  fresh  water,  either  not 
communicating  at  all  with  the  ocean,  or  only  communicating  by 
riyers,  come  next  under  consideration.  By  far  the  most  extensive 
of  them  occur  in  North  America.  The  existence  of  lakes  has  little 
reference  to  absolute  elevation,  and  they  are  due  either  to  the 
form  of  a  river-bed,  expanding  at  some  point  and  containing  the 
water  thus  introduced,  the  velociiy  of  the  stream  being  diminished 
or  destroyed ;  or  else  to  the  filling  with  water  of  some  natural 
hollow,  sometimes  by  springs,  but  more  generally  by  streams,  the 
supply  from  which  is  greater  than  the  evaporation. 

The  principal  North  American  lakes  are  five,  and  they  together 
cover  an  area  of  more  than  120,000  square  miles.  Their  dimen- 
sions and  elevation  above  the  sea  will  be  found  expressed  in  the 
following  table. 


Lake  Superior 

Lake  Michigan  and  Qreenl 

Bay J 

Lake  Huron    

Lake  Erie  and  Lake  St. ) 

Clair / 

Lake  Ontario 


Total 
length  in 
Brit.  stet. 

miles. 

Mean 
breadth  in 
Brit.  Stat. 

miles. 

Mean 
drath  in 
feet. 

Eleration 
above  the 
sea  in  feet. 

Aiea 

in  sQuare 

miles. 

460 
480 
275 
300 
205 

90 
80 
92 

46 
40 

900 

1000 

1000 

84 

500 

596 
578 
578 
565 
232 

42,000 
32,000 
27,500 
11,500 
7,200 

120,200 

Besides  these,  others  exist  on  the  western  side  of  the  Bocky 
Mountains,  while  in  Mexico,  and  in  various  parts  of  South  America, 
are  also  remarkable  lakes,  some  very  large,  others  only  covered  with 
water  occasionally  during  jperiodical  inundations ;  ana  others  again, 
as  the  lake  Titiaca  in  the  Bolivian  Andes,  presenting  a  broad  sheet 
of  water  at  an  elevation  of  many  thousand  feet  above  the  sea. 

52.  Of  the  lakes  of  Europe  and  Asia  the  Caspian  Sea  and  the 
Sea  of  Aral  occupy  the  lowest  part  of  a  vast  space,  whose  whole 
extent  is  not  less  than  lOO^OOO  square  miles,  occupying  a  central 
region  of  the  great  continent,  and,  no  doubt,  formerly  the  bed  of 
an  ocean.  The  Caspian  Sea  has  the  lowest  level,  its  surface  being 
83^  feet  below  the  level  of  the  sea,  its  area  24,200  square  nules, 
and  its  depth  in  some  parts  600  feet.  The  Aral  Lake  is  of  smaller 
size,  having  an  area  of  only  4500  square  miles,  and  it  is  also  much 
less  deep. 

The  lakes  in  Asia  Minor  are  even  more  remarkable  than  these 
in  their  considerable  depression  below  the  sea-level,  the  Lake  of 
Tiberias  being  466  feet  below  the  Mediterranean,  or  even  more 
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according  to  some  travellers,  and  the  Dead  Sea  1388  feet.  The 
depth  of  water  in  the  Dead  Sea  exceeds  in  some  places  300  fathoms. 
There  are  important  lakes  in  Central  Asia,  that  of  Baikal  alone 
haying  an  area  of  nearly  24,000  square  miles.  The  lakes  of  Europe 
are  smaller,  the  largest  of  them,  Lake  Ladoga,  having  about  1400 
square  miles  of  surface.  The  Swiss  and  Italian  lakes  are  yet  more 
limited,  but  are,  some  of  them,  at  a  considerable  altitude  above  the 
sea,  and  of  considerable  depth.  Africa  and  Australia  possess  some 
extensive  tracts  covered  with  water,  although  too  little  is  known 
of  their  actual  extent  to  enable  us  to  compare  them  with  the  lakes 
of  America  or  Asia. 

In  Northern  Africa  the  Lake  Melghigh  is  160  feet  below  the  lerel  of  the 
Mediterranean,  and  another  lake  near  the  Bed  Sea,  in  the  country  of  Adel,  has 
been  described  as  more  than  600  feet  below  the  lerel  of  the  Arabian  Gulf.  It 
is  not  unlikely  that  the  great  salt  tracts  in  many  places  are  the  result  of  the 
eraporation  of  sea-water  kft  in  hollows,  and  enclosed  bj  some  natural  barrier. 

53.  Most  of  these  depressed  lakes  contain  water  loaded  not  only  with  oom« 
mon  salt,  but  with  other  soluble  salts,  especially  of  magnesia,  the  quantity  of 
which  is  sometimes  exceedingly  great.  In  the  Dead  Sea  saline  ingredients  are 
present  to  the  extent  of  26}  per  cent.,  by  far  the  larger  portion  being  chloride  of 
magnesium. 

A  small  lake  on  the  steppes,  east  of  the  Volga,  having  an  area  of  about  150 
square  miles,  contains  no  less  than  29*18  per  cent,  of  soUd  matter,  and  supplies 
a  large  proportion  of  the  salt  used  in  Russia.  The  salts  are  chlorides  of  potas- 
sium, sodium,  and  magnesium,  and  sulphate  of  magnesia,  according  to  the 
following  analysis  by  H.  Bose : — 

Chloride  of  potassium 0*23 

„  sodium 3*83 
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magnesium  19*75 

Sulphate  of  magnesia 5*32 

2913 


54.  The  surface  of  land  uncovered  by  water  may  be  divided  thus. 
1st,  low  plams,  or  tracts  of  moderately  unbroken  country,  whose 
mean  level  is  not  many  hundred  feet  above  the  sea  even  towards 
the  interior  of  continents,  and  is  much  less  than  that  near  the  em- 
bouchure of  the  rivers  that  traverse  them ;  2nd,  hi^h  plains  or 
table  lands,  generally  more  than  a  thousand  feet  above  the  sea  in 
the  interior,  and  rising  at  once  many  hundred  feet  even  near  the 
sea;  and  3rd,  mountain  tracts,  where  the  elevations  above  the 
general  level  put  on  a  distinct  and  abrupt  character,  whatever 
their  actual  or  relative  elevation  may  be.  The  elevations  that 
break  the  surface  of  plains  are  called  hills,  also  without  much 
reference  to  absolute  elevation. 

Eegarded  in  this  sense,  not  only  eveiy  continent,  but  even 
every  part  of  a  continent,  and  most  islands  of  moderate  size, 
can  generally  furnish  plains  and  plateaux,  hills  and  mountains. 
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altliougli  on  careful  comparison,  and  when  we  understand  the  real 
physical  value  of  such  modifications  of  the  form  of  land,  there  will 
rise  out  of  this  apparent  confusion  important  and  distinct  systems 
connected  with  changes  that  have  taken  place  by  the  action  of 
mechanical  force  beneath  the  earth's  surfistce. 

55.  The  lower  levels  of  the  earth  are  either  extended  and  un- 
broken plains  or  comparatively  level  tracts  forming  river-valleys. 
Amongst  them  are  the  richest  and  most  fertile  dismcts  upon  the 
earth,  and  also  the  most  hopelessly  barren  and  useless  tracts  that 
the  imagioation  can  picture.  They  include  the  treeless  expanses 
of  one  part,  and  the  impenetrable  forest-districts  of  another  part 
of  South  America;  the  plaios  of  Northern  and  Eastern  Europe 
yeUow  with  ripe  com,  and  the  Sahara  of  Afirica  yeUow  also,  but 
with  the  dry  sand  that  fills  the  air  and  destroys  every  form  of 
vegetable  or  animal  existence. 

The  plains  of  Northern  Europe  occupy  more  than  two-thirds  of 
the  surface  of  the  continent,  and  extend  eastwards  from  the  Ger- 
man Ocean  along  the  south  shores  of  the  Baltic  as  far  as  the  Ural 
Mountains,  including  Holland,  North  Germany,  and  the  whole  of 
European  Bussia.  The  Asiatic  low  lands  are  even  more  exten- 
sive ;  the  plains  of  Siberia  reachins^  across  to  the  Pacific,  and  from 
the  highlands  of  Asia  to  the  Arctic  Ocean ;  those  of  China,  TTin- 
dostan,  and  Independent  Tahtary,  likewise  occupying  large  tracts. 
Africa  presents  tracts  of  low  land,  one  of  which  is  of  vast  extent, 
and  characterized  by  the  most  complete  sterility,  occupying  an 
area  of  nearly  three  millions  of  square  miles,  and  enjoying  a 
smaller  share  of  the  gifts  of  nature  than  any  other  portion  of  the 
globe  of  equal  magnitude. 

56.  Districts  affording  few  or  no  real  elevations  of  considerable 
amount  are  not  perfectly  level,  a  large  portion  consisting  of  rolling 
or  hilly  land,  generally  more  picturesque  and  interesting,  and  often 
more  valuable  than  the  rest.  The  land  presenting  this  interme- 
diate condition,  however,  is  not  very  easily  determined,  and  there 
are  no  calculations  at  present  to  be  depended  on  by  which  we  can 
tell  the  limits  either  of  the  actual  or  relative  capabilities  of  the 
heaths  of  Europe,  the  steppes  of  Asia,  or  the  deserts  of  Africa.  It 
may  be  sufficient  to  state,  that  with  the  exception  of  the  table  land 
of  France,  and  Central  Q-ermany,  and  the  mountaia  districts  of 
the  Alps,  Pyrenees,  and  Carpathians  and  Scandinavia,  the  whole 
of  Northern  Europe,  whether  fertile  or  barren,  and  whether  flat  or 
hilly,  exhibits  marks  of  recent  marine  action,  so  that  we  may  often 
perceive  in  places  now  not  reached  even  by  the  rivers,  that  there 
has  formerly  been  a  deposit  of  water-conveyed  materials,  and  also 
a  wearing  or  denuding  action  of  powerftd  marine  currents. 

57.  The  low  plains  of  Europe  include  many  river-valleys,  en- 
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dosed  by  higli  and  mountainous  ranges,  but  the  larger  portion  is 
not  of  this  nature,  consisting  chiefly  of  open  and  heatn-coyered 
tracts  on  the  shores  of  the  il^tic,  embracmg,  as  we  haye  already 
said,  much  of  Prussia  and  Bussia,  and  also  of  Denmark,  and  hay- 
ing a  mean  eleyation  of  about  360  feet  aboye  the  leyel  of  the  sea. 

J^ar  in  the  east  of  Europe,  and  on  the  borders  of  Asia,  is  the 
great  Aralo-Caspian  tract,  a  part  of  which,  the  Xirghis  steppe, 
occupies  nearly  15,000  square  miles  of  almost  unbroken  surtace, 
depressed  nearly  100  feet  below  the  general  leyel  of  the  ocean.  It 
is  terminated  by  much  loftier  table  lands  in  Central  Asia,  but 
these  decline  towards  the  Arctic  Ocean,  descending  to  the  plains 
of  Siberia,  whose  eleyation  is  probably  little  greater  than  that  of 
the  European  plain.  On  the  south-eastern  side  of  the  same  lofby 
range  the  alluyial  tracts  of  China  occupy  300,000  square  miles, 
while  on  the  southern  side  of  the  Himafayan  chain  the  plains  of 
India  extend,  watered  by  the  Ghtnges  and  Brahmapootra.  Be- 
tween China  and  India  we  haye  the  low  yalley  of  the  Irawaddi, 
as  large  as  the  whole  of  France ;  and  on  the  west  of  India,  the 
Funjaub  and  the  great  Indian  desert,  with  the  yalley  of  the 
Indus,  reach  almost  to  Beloochistan,  low  lands  also  extending 
towards  the  Persian  Desert  and  Arabia,  which  are  separated 
from  the  low  table  land  or  Desert  of  Africa  by  other,  but  higher 
plateaux. 

The  Sahara,  the  widest  extent  of  low  plains  in  the  great  con- 
tinent, reaches  from  the  rocky  country  beyond  the  yalley  of  the 
Nile  to  the  shores  of  the  Atlantic,  a  distance  of  not  less  than  2650 
miles,  the  width  yarying  from  700  to  1200  miles.  Its  surface  is 
generally  naked,  hard  sandstone  rock,  or  loose  sand,  with  inter- 
yening  portions  coyered  by  grayel  or  rounded  pebbles ;  here  and 
there  a  little  earthy  matter  or  salt  is  mingled  with  the  sand ;  and 
fertile  spots — ^the  oMes  of  the  desert — ^watered  by  springs,  are  met 
with  at  distant  interyals.  The  largest  of  them  is  aoout  100  miles 
in  length,  and  from  one  to  fifteen  miles  broad.  Throughout  the 
greater  part  of  its  extent  this  desert  is  probably  yeiy  little 
aboye  the  leyel  of  the  Atlantic,  and  some  parts  seem  actually 
below  that  leyel.  No  rain  flails  ia  the  district,  and  there  is,  there- 
fore, no  natural  drainage. 

68.  The  New  World  presents  yery  large  tracts  of  low  land  only 
recently  emerged  from  the  ocean  floor,  each  of  the  yast  riyers 
which  characterize  the  continent  running  through  a  plain  known 
by  some  distinctiye  name.  Thus,  the  Amazons  waters  a  tract  mea- 
suring not  less  than  1500  miles  in  length,  and  yarying  in  breadth 
from  300  to  800  nules  (comprehending  an  area  of  1,200,000  square 
nules),  almost  coyered  with  gigantic  and  unbroken  forest,  and 
hence  called  Hhas.     Oyer  this  tract  the  quantity  of  rain  that  falls 
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diiring  the  wet  season  is  larger  than  the  annual  fall  in  any  other 
part  of  the  world. 

The  pampcts  are  treeless  plains,  occupying  about  2000  miles  of 
country,  and  extending  from  the  forest  desert  of  the  Amazons  to 
the  southernmost  limits  of  South  America,  with  a  breadth  of  from 
200  to  nearly  500  miles,  presenting  in  this  range  a  great  variety 
of  surface,  climate,  and  vegetation.  The  countay  gradually  rises 
from  the  Atlantic  shore  to  the  foot  of  the  Andes,  and,  roughly 
estimated,  may  be  considered  as  including  nearly  1,000,000  square 
miles. 

The  llanos  are  also  treeless  plaiiis,  and  extend  along  the  banks 
of  the  Orinoco,  for  the  most  part  within  the  tropics ;  but  their 
extent  is  not  more  than  half  that  of  the  pampas :  during  one  half 
of  the  year  they  are  covered  with  grass,  and  for  the  rest  desolate. 

The  basin  of  the  Mississippi,  the  greater  part  of  which  has  a 
mean  elevation  of  about  500  teet  above  the  level  of  the  sea,  con- 
taias  gigantic  prairies  and  savannahs,  which  form  characteristic 
features  of  North  American  scenery.  These  occupy  a  space  of 
nearly  1,000,000  square  miles ;  so  £hat,  on  the  whme,  more  than 
one-K)urth  part  of  the  area  of  the  two  Americas  is  only  just  re- 
moved above  the  level  of  the  sea,  and  is  drained  by  four  principal 
rivers,  the  Amazons,  the  Plata,  the  Orinoco,  and  the  Mississippi, 
and  their  tributaries.  The  plains  of  smaller  extent,  of  which  the 
number  is  of  course  exceedingly  great,  do  not  appear  in  this  cal- 
culation. 

In  addition  to  the  large  low  tracts  already  mentioned,  there  can 
be  little  doubt  that  others,  of  great  extent  and  low  elevation,  re- 
main to  be  discovered  in  South  Africa  and  in  Australia. 

59.  Elevated  plains  are  phenomena  by  no  means  so  frequent  on 
the  earth,  or  so  extensive,  as  those  low  plains  we  have  been  consider- 
ing. The  most  remarkable,  for  their  extent  and  induence  on  the 
physical  features  of  the  globe,  are  those  of  Central  Asia,  Mexico, 
Quito,  part  of  5outh  Africa,  Abyssinia,  Hindustan,  Spain,  Bavaria, 
and  Irance.*  The  following  table  wiU  give  an  idea  of  the  relative 
importance  of  some  of  these : — 

Eitimated  area  Mean  elevation 

in  square  miles.  in  feet« 

Plateau  of  Auvergne  (Central  France)    18,000  1,087 

„        Bavaria 8,000  1,663 

„        Castae  (Central  Spain)    100,000  2,239 

„        Iran  (Persia)    60,000  2,500 

„        Mysore  (Centrallndia)  56,000  2,942 

„        Caraccas  (South  America) 5,000  8,070 

„        Gk)bi  (Central  Asia)    600,000  4,220 

„        Popayan   2,000  5,756 

„        CaUfomia  rthe  great  basin) 150,000  6,000 

„        Abyssinia  (round  lake  Tzana)    P  6,076 

„        South  AMca  (Orange  Biver) P  6,395 
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Estiinated  areft  Mem  elevttioii 
in  •qaare  milM.         in  feet. 

Plateau  of  Abyssinia  (Axum)  ?  7,084       < 

„        Mexico 60,000        7,488 

„        Quito    6,000        9,628 

„        Froyinoe  de  los  Pastos    4,000  10,281 

„        Thibet  50,000  11,510 

„        LakeTitiaca 30,000  12,853 

Arabia  also  exhibits  table-lands  of  somo  extent  and  considerable 
elevation. 

60.  The  determination  of  the  mean  height  of  continents  or  portions  of  them 
is  equivalent  to  finding  the  centre  of  gravity  of  the  masses  of  ipnd  they  present 
aboye  the  sea,  and  an  enumeration  of  the  yolume  of  each  and  its  effect  on  the 
whole,  forms  a  good  comparative  estimate  of  the  true  importance  of  mountain- 
ranges  and  plains. 

The  position  of  the  centre  of  gravity,  or  the  mean  height  of  all  the  solid  parts 
of  the  earth*B  smrface  above  the  sea,  has  been  estimated  by  Humboldt  at  about 
1000  feet,  that  of  all  Europe  671  feet,  Asia  1132  feet,  South  America  1151  feet, 
Korth  America  748  feet,  and  the  two  Americas  together  940  feet. 

The  effect  of  the  plateau  of  Spain  on  all  Europe  is  estimated  at  36  feet,  and 
that  of  the  whole  chain  of  the  Alps  only  20  feet.  In  Asia  the  great  central 
plains  are  estimated  to  contribute  120  feet  of  elevation  to  the  mean.  It  should 
be  understood  that  these  results  can  only  be  regarded  as  approximate,  and  that 
the  calculations  give  a  maTiTnum  limit.     ('*  Cosmos,"  voL  i  p.  293.) 

61.  The  momitain-chains  of  the  earth  are  important  so  far  as 
their  uniformity  of  direction,  their  physical  character  and  con- 
formation, and  their  mass^  render  them  influential  in  connecting 
together  the  rest  of  the  land  on  the  globe. 

Iteferring  to  a  terrestrial  globe,  or  a  good  map  of  the  world, 
two  main  directions  may  be  easily  observed,  along  which  the  prin- 
cipal mountain-chains  are  grouped,  besides  a  number  of  transyerse 
spurs  proceeding  from  them.  In  the  Old  World  (Europe,  Asia, 
and  Africa),  the  space  between  two  such  lines  forms  a  belt,  com- 
mencing in  Europe  with  the  Pyrenees  and  the  plateaux  of  Spain, 
and  in  Africa  with,  the  Atlas  Mountains,  and  continuing  towards 
the  east  tiU  they  meet  in  Western  Asia,  after  which  they  are  both 
continued  together  further  east,  terminating  finaUy  on  the  shores 
of  the  Sea  of  Okhotsk  and  the  coast  of  China.  In  the  New  World, 
a  similar  belt  reaches  from  the  north-western  extremity  of  North 
America,  and  extends  to  the  very  southernmost  point  of  South 
America.  Within  the  wide  embrace  of  the  enclosing  ridges  of- 
each  of  these  mountain-chains  are  contained  most  of  the  lofty 
plains  already  alluded  to ;  and  between  their  flanks  and  the  sea, 
although  sometimes  enclosed  within  them,  are  the  lower  plains  and 
river  valleys.  They  mark  out  the  great  features  of  the  globe ; 
and  in  their  own  detail,  and  in  the  chains  which  spring  from  them 
and  are  connected  with  them,  we  may  read  the  history  of  the 
world. 
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62.  The  mountain-cliains  of  the  Old  World  are  the  Alps  and 
Pyrenees  in  Europe ;  the  Atlas  Mountains,  and  perhaps  the  Moun- 
tains of  the  Moon  in  AMca ;  and  in  Asia,  the  Caucasus  (a  connect- 
ing link  between  Europe  and  Asia),  the  Hindoo  Koosh,  the  great 
Himalayan  chain,  and  the  chain  of  the  Aitai  Mountains,  with 
their  eastern  extensions  into  China  and  Mancheu  Tahtary. 
Many  others  might  be  mentioned,  but  these  are  the  most  import- 
ant, and  involve  the  points  of  chief  interest.  They  include  the 
most  massive  as  well  as  the  loftiest  mountains,  and  the  breadth 
of  the  chain  between  Siberia  and  India  is  as  much  as  1500  miles, 
the  extreme  length  of  the  range  being  10,000  miles.  The  greatest 
heights  attained  are  in  the  Himalayan  chain  in  about  80°  east 
longitude,  and  exceed  28,000  English  feet  above  the  mean  level  of 
the  sea.  The  position  of  the  crest  of  most  highly  elevated  land  is 
between  81°  and  118°  east  longitude ;  and  thus  it  is  that,  while 
the  mean  height  of  Europe  is  estimated  at  not  more  than  670  feet, 
that  of  Asia  is  more  than  half  as  much  again,  notwithstanding  the 
wide  expanse  of  low  lands  in  Siberia,  and  large  tracts  in  Western 
Asia  actually  below  the  level  of  the  ocean. 

63.  The  mountains  of  America  form  a  more  simple  and  com- 
plete chain  than  those  of  the  Old  World,  but  present  considerable 
differences  of  breadth  and  height.  The  Andes  of  the  south  and 
the  Bocky  Mountains  of  the  north  are  connected  by  the  lofty 
plains  and  ridges  of  Mexico,  and  thus  form  an  unmtemipted 
range,  extending  for  more  than  60^  of  latitude  on  each  side  of  the 
equator,  giving  for  the  total  length  of  the  Hue  of  elevation  a 
distance  of  not  less  than  9000  miles.  The  breadth,  however,  is 
rarely  considerable;  and  although  in  North  America  the  range 
divides,  its  two  principal  arms  including  a  distance  of  300  or 
4sOO  miles,  the  intermediate  plains  are  by  no  means  so  lofty 
as  to  affect  the  general  mean  elevation  of  the  continent,  as  is 
the  case  with  the  high  lands  of  Central  Asia^  and  even  those  of 
Mexico. 

64.  All  the  mountains  hitherto  referred  to  form  part  of  the 
main  chains ;  but  there  are  also  others  setting  off  from  them,  or, 
in  some  cases  apparently  unconnected,  and  having  a  different 
principal  axis.  Thus  the  Ural  Mountains  form  a  meridional  chain 
quite  distinct  from  the  main  group  across  Europe  and  Asia ;  and 
the  coast-chain  of  Venezuela  and  tne  mountain  systems  of  Colum- 
bia and  Guyana  in  South  America  partake  in  some  measure  of  the 
same  character.  North  and  south  chains  in  the  Old  World 
are  also  found  in  South  Africa  and  Madagascar,  in  India,  in  the 
peninsula  of  the  Birman  empire,  and  in  China;  while  the  prin- 
cipal chain  in  Australia,  at  least  on  its  eastern  side,  follows  the 
same  direction.     The  mountains  of  Brazil  range  nearly  parallel  to 
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the  east  coast  of  South  America,  and  the  Alleghanies  to  the  cor- 
responding coast  of  North  America. 

65.  A  diagrain  is  subjoined  (fig.  2),  which  shows  the  mean 
elevation  of  the  principal  mountain-ridges,  and  that  of  their  cul- 
minating points.     It  will  be  manifest  to  the  eye,  that  the  Hima- 

Fig.2. 

ComparatiTe  View  of  the  Crests  and  Culminating  Points  of  the  principal  Mountain>chains. 


I66tr.  I66t!. 

a  a  Crest  of  the  Pyrenees 8000  a/  PicNethou 11,168 

bb  „         Alps 7700  J' Mont  Blanc    15,743 

ce  „         Andes  of  Quito  11,800  </ Chimboraw)    21,420 

dd  „         BoHvianAndes  15,200  d' Illimani 21,149 

ee  „         Himalaya 15,700  c' Dhawalagiri    28,072 

layan  chain  (e  e)  is  the  loftiest  in  every  respect,  although  the 
actual  crest  does  not  range  more  than  500  feet  above  that  of  the 
Bolivian  Andes  {d  d).  The  latter  mountains,  however,  extend 
only  for  a  distance  of  500  miles,  while  the  Himalaya  group  ranges 
through  no  less  than  fifteen  degrees  of  longitude,  whicn,  in  latitude 
30°,  is  equivalent  to  upwards  of  900  miles.  "Within  the  range  of 
the  Bolivian  Andes  occurs  the  singular  plateau  of  Lake  Titiaca,  at 
an  elevation  of  nearly  13,000  feet  above  the  sea ;  and  the  next 
highest  plain  is  that  of  Thibet,  amongst  the  Himalayan  Moun- 
tains, its  elevation  being  between  11,000  and  12,000  feet. 

66,  The  mountains  of  the  earth  are  not  all  of  them  included  in 
these  systematic  and  distinct  groups,  for  we  meet  with  many 
striking  deviations  from  the  usual  direction,  and  we  also  find 
isolated  peaks,  rising  suddenly  and  boldly  &om  low  plains  or  small 
islands.  The  former  are  phsBnomena  worthy  of  close  study,  for 
the  deviation  from  the  prevailing  direction  wiU  generally  prove  to 
have  been  the  result  of  local  elevating  forces,  and  serves  to  connect 
the  present  condition  with  past  history.  Such  isolated  mountains  are 
usually  conical  in  form,  and  have  recently  served  as  open  vents,  by 
which  burning  and  intensely  heated  substances,  elaborated  iu  the 
bowels  of  the  earth,  are  sent  out  into  the  air,  and  there  enter  into  new 
combioations.    They  are  almost  confined  to  a  moderate  distance 
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from  a  coast  line,  except,  indeed,  in  the  remarkable  and  recent 
volcanic  moiintaLQs  of  the  Celestial  Mountains  (Thian-Schan), 
whose  nearest  ocean  is  1800  nules  distant,  and  which  are  1200 
miles  from  any  considerable  body  of  water.  The  grouping,  posi- 
tion, and  phenomena  of  volcanoes  will,  however,  demand  further 
consideration  in  another  place. 

67.  However  sudden  the  transition  may  seem,  we  really  pass 
very  naturally  from  the  consideration  of  mountain-chaLns  to  that 
of  islands,. which  appear  in  groups  of  two  kinds,  the  one  fringing 
a  coast  line,  and  manifestly  having  some  relations  of  form  to  the 
adjacent  continent;  the  other  kind  detached,  far  removed  from 
land,  and  either  forming  independent  chaios  or  being  altogether 
isolated.  Islands,  in  hct,  are  nothing  more  than  belts  or  detached 
portions  of  lofty  plateaux,  whose  subordinate  low  plains  form  the 
ocean  bottom,  and  whose  tops  reach  above  the  level  of  high  water. 
Similar  prominences  above  the  general  level,  which  do  not  quite 
reach  that  level,  are  called  banks  and  shoals,  of  which  examples 
on  a  large  scale  are  seen  in  the  great  Bank  of  Newfoundland,  the 
Agulhas  Bank  off  the  south  coast  of  Africa,  and  the  Chagos  Bank, 
amongst  the  coral  of  the  Coralline  Sea  in  the  South  Pacfic. 

68.  Viewed  in  this  Hght,  we  may  at  once  place,  as  belonging  to 
the  first  or  continental  group,  the  vast  series,  commencing  with  what 
has  been  called  the  Australian  chain,  or  rather  with  New  Zealand, 
and  continued  by  Norfolk  Island,  New  Caledonia,  and  the  New 
Hebrides,  the  Salomon  and  Louisiada  Archipelagos,  and  New 
Guinea,  as  fsEir  as  the  Moluccas.     This  belt  of  islands  is  throughout 

SaraUel  to  the  coast  line  of  Australia,  and  is  continued  by  ^Hmor, 
ava,  and  Sumatra,  the  Nicobar  and  Andaman  islands,  paraUel  to 
the  Malayan  peninsula  and  the  island  of  Borneo.  Another  range 
may  be  traced  going  northwards  by  the  Philippine  Islands,  Formosa, 
the  Loo  Choo  Islands,  and  the  Japanese  Islands,  to  the  KurQe 
Islands  and  Kamtchatka,  enclosing  the  Chinese  and  Japan  Seas, 
and  in  close  paraUelism  to  the  east  coast  of  Asia.  The  Aleutian 
Archipelago  is  in  a  similar  way  parallel  to  the  line  of  coast  stretch- 
ing out  between  America  and  Asia ;  and  a  small  range  of  islands 
may  be  observed  parallel  to  the  coast  of  Eussian  America,  reaching 
down  as  far  as  Vancouver's  Island. 

Other  principal  continental  islands  are  seen  in  the  Q-ulf  of 
Mexico,  where  a  line  drawn  through  Portorico,  San  Domingo, 
and  Cuba  to  the  peninsula  of  Yucat^,  will  be  found  parallel 
with  the  north  coast  of  South  America  and  the  east  coast 
of  G-uatemala. 

So,  also,  in  Europe,  the  coast  of  Scandinavia,  the  British  Isles, 
the  islands  of  the  Baltic,  the  islands  between  Spain  and  Italy,  and 
those  in  the  Adriatic,  as  well  as  those  in  the  Greek  Archipelago, 
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present  similar  and  sujfficient  examples ;  and  near  Africa,  the  Island 
of  Madagascar  and  the  Sechelle  group  are  of  the  same  kind. 

69.  The  islands  not  referable  to  existing  continental  land  may 
possibly  in  many  cases  be  portions  and  indications  of  ancient  land 
now  depressed  below  the  sea-leyel.  The  wide  tract  in  the  Pacific 
and  elsewhere,  occupied  by  coral,  and  presenting  steep  cUfis  of  that 
substance,  barely  removed  above  the  level  of  low  water,  is  probably 
of  this  kind;  and  thus  the  Low  Archipelago  and  the  Society 
Islands,  with  a  multitude  of  other  smaller  groups  between  these 
and  the  Caroline  Archipelago,  may  be,  though  apparent  exceptions, 
only  concealed  examples  of  the  general  principle.  There  are,  how- 
ever, some  other  exceptions,  referable  cniefly  to  volcanic  districts, 
and  due  probably  to  local  elevation  in  connection  with  earthquake 
and  volcanic  disturbances.  St.  Helena  and  Ascension  Island,  the 
Cape  de  Yerde  Archipelago,  the  Galapagos  Archipelago,  and  some 
others,  are  known  to  be  of  this  kind. 


CHAPTEE  IV. 


ON  ATMOSPHERIC  AND  OCEANIC  CURRENTS,  AND  ON  CHANGES 
OF  THE  TEMPERATURE  AND  ELECTRICAL  CONDITION  OF 
MATTER  AT  THE  EARTH'S  SURFACE. 

70.  The  earth,  with  its  atmospheric  veil,  revolving  round  its  own 
axis,  and  also  round  the  sun,  to  the  action  of  whose  rays  we  are 
indebted  for  light,  heat,  chemical  action,  and  electricity,  the  dif- 
ferent parts  of  the  surface  are  exposed  periodically  to  the  action 
of  these  rays ;  and  as  different  substances  and  different  forms  of 
matter  are  variously  acted  upon  by  the  same  amount  of  exposure, 
there  is  a  constant  circulation  of  the  atmosphere  produced,  and  not 
only  heat,  but  a  large  quantity  of  moisture  are  thus  transmitted 
over  the  earth.  There  is  abo  a  regularly  alternating  exposure  to 
the  stimulus  of  light,  and  a  similar  constantly  recurring  change  in 
the  electric  state  of  the  air  and  earth.  The  mutual  action  of  these 
changes,  and  causes  of  change,  complicates  so  greatly  the  actual 
phsBnomena  of  what  is  called  weather^  that  it  is  proverbially  the 
thing  of  all  others  least  to  be  depended  on ;  and  in  endeavouring  to 
illustrate  its  nature,  it  wiU  be  weU  first  to  discuss  the  relations  of 
the  atmosphere  to  water,  or  the  appearances  sometimes  called 
cboueous  meteors ;  then,  the  regular  movements  or  constant  currents 
of  the  atmosphere ;  and,  lastly,  the  results  of  the  movement  of 
masses  of  air  differently  charged  with  aqueous  vapour,  and  in  dif- 
ferent electrical  conditions,  when  either  impingmg  upon  other 
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masses  of  air  or  adyancing  oyer  irregular  surfaces  of  land.  Under 
these  three  heads  may  be  brought  most  of  those  facts  of  meteorology, 
the  knowledge  of  which  is  essential  to  the  geologist. 

71.  The  atmosphere  presents  a  mixture  of  gases,  of  which  oxygen 
and  nitrogen  form  the  principal  part;  but,  although  the  proportions 
are  nearly  inyariable,  the  gases  do  not  form  a  definite  chemical 
compound.  It  may  be  considered,  that  pure  dry  air  contains  in 
100  parts  by  weight*,  23  parts  of  oxygen,  and  77  parts  of  nitrogen 
gas,  the  proportion  yarying  to  the  extent  of  about  one  per  cent, 
according  to  circumstances.  Ordinary  atmospheric  air  contains, 
in  addition,  about  four  parts  in  ten  thousand  of  carbonic  acid 
and  carburretted  hydrogen  gases,  besides  a  yery  yariable,  and  ofben 
rather  considerable  proportion  of  aqueous  yapour,  and  other  sub* 
stances,  some  of  which  are  essential  to  its  uses  in  yegetable  and 
animal  life,  and  are  always  present. 

72.  The  air  being  highly  elastic,  its  densiir  is  greatest  where  in 
contact  with  the  earth,  and  at  the  height  of  about  two  nules  and 
three-quarters  (11,556  feet)  the  density  is  halyed,  or  one  yolume  is 
expanded  into  two ;  so  that  at  such  an  eleyation  the  mercury  in  the 
barometer  (an  instrument  which  measures  the  density  of  the  air  by 
marking  the  height  of  a  colimm  of  mercury  producing  the  same 
pressure,  and  balancing  the  pressure  of  the  air)  only  stands  at  a 
height  of  one-half  that  which  it  stood  at  the  sea-leyel.  The  density 
is  again  halyed  at  about  eyery  12,000  feet  of  additional  eleyation, 
so  that  at  an  altitude  of  forty-fiye  miles  the  air  would  scarcely 
exhibit  any  sensible  density. 

If  the  atmosphere  (the  quantity  of  matter  remaining  the  same)  were  everywhere 
of  the  same  density  as  at  the  earth's  surface,  its  height  under  ordinary  conditions 
would  be  26,500  feet ;  and  as  100  cubic  inches  of  air,  depriyed  of  aqueous  yapour 
and  carbonic  acid,  at  the  temperature  of  60°  Fahr.  and  under  pressure  of  SO 
inches  of  mercury,  weigh  80*83  grains,  the  weight  of  the  whole  body  of  pure 
dry  air  may  be  calculated  at  4,850  millions  of  millions. 

^ut  in  estimating  the  mass  of  the  atmosphere,  we  must  also  take  into  account 
many  other  substances  generally  present.  Thus  there  is  a  certain  amount  of 
aqueous  yapour,  yeotr  yariable  in  different  places,  but  measurable  on  a  general 
ayerage.  So,  also,  there  is  a  sensible  proportion  of  carbonic  acid,  carburetted 
hydrogen  and  ammonia,  and  a  tra<;e  of  many  other  substances.  Under  the  last 
head  are  included  sulphuretted  hydrogen,  sulphurous,  sidphuric,  hydrochloric, 
and  nitric  adds,  the  odoriferous  principles  of  plants,  the  miasmata  of  marshes, 
various  gases  liberated  in  manufactories  or  by  volcanoes,  besides  potash,  soda, 
lime,  magnesia,  iron,  manganese,  &c. 

73.  It  is  to  the  chemical  condition  of  the  air,  as  a  mixture  of  dry 

*  The  following  is  the  eompomtion  of  dry  air  by  yolume ;  the  proportion  of  aqueous  vapour  in 
the  atmosphere  wing  too  variable  to  be  taken  into  consideratioiu — 


Nitrogen 7913 

iTge 
Carbonic  acid 4  ;  10,000 


OzTgen  2080  I 

Carbonic  acid 4  | 

Carburetted  hydrogen . .        4  I 
Ammonia   Trace.  J 


Ammonia 

6eaham*s  Chemistry,  second  ed.  p.  336. 
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gases  with  aqueous  ya^our,  and  to  the  neyer-ceasing  changes  in 
temperature  and  electrical  state,  that  we  owe  the  most  remarkable 
of  its  phaenomena.  Notwithstanding,  however,  the  constant  ab- 
sorption of  many  of  its  parts  by  organized  beings,  often  to  an 
enormous  extent,  the  relative  proportion  of  the  principal  gases  is 
very  permanent ;  as  air  taken  from  various  parts  of  the  eaith,  and 
from  various  altitudes,  has  been  found  to  present  no  appreciable 
differences  in  this  respect.  The  quantity  of  oxygen  varies  slightly 
in  different  seasons,  and  is  rather  larger  near  the  surface  over  the 
sea  than  on  land. 

74.  Humboldt*  has  mentioned  as  the  principal  features  of  a 
general  descriptive  picture  of  the  atmosphere,  1st,  variations  of 
atmospheric  pressure;  2nd,  climatic  distribution  of  heat;  3rd, 
the  humidity  of  the  atmosphere;  and  4th,  its  electric  tension. 
Under  these  heads  it  will  be  convenient  to  consider  the  facts  that 
bear  on  Geology. 

The  pressure  of  the  atmosphere  is  the  gravitation  of  the  whole 
mass  01  matter  of  which  it  is  made  up  to  the  whole  mass  of  the 
earth.  On  an  average  of  years,  it  is  the  same  in  similar  climates 
at  equal  distances  from  the  surface,  but  exhibits  many  periodic 
and  temporary  oscillations.  It  becomes  gradually  less  at  greater 
heights,  as  the  mass  of  the  atmosphere  which  presses  is  there  less. 
The  pressure  is  the  same  in  all  directions,  as  that  of  any  gas  or 
fluid  must  necessarily  be ;  and  thus,*  though  equivalent  to  about 
fifteen  pounds  on  every  square  inch  of  surface,  it  is  not  felt  unless 
the  air  on  that  surface  is  removed.  The  pressure  has  been  hitherto 
most  conveniently  measured  agaiast  a  column  of  mercury  or  other 
fluid,  and  it  is  found  that  about  30  inches  of  mercury,  or  34  feet  of 
water,  balance  the  weight  of  the  whole  atmospheric  column  f. 
"When  from  any  local  or  temporary  cause  of  change  on  the  same 
horizontal  plaae,  or  by  any  elevation  above  that  plane,  the  pressure 
is  altered,  that  of  the  column  of  mercury  or  water  corresponding 
to  it  must  be  altered  likewise ;  and  thus  the  fluid  ia  the  barometer 
falls  or  rises  as  the  pressure  of  the  air  dimitdshes  or  increases]!. 
Careful  and  tabulatea  records  of  the  nature  and  amount  of  baro- 
metric change  exhibit  three  kinds  of  these  oscillations,  viz.  diurnal, 

*  See  "  Cosmos,'*  Sabine's  translation,  first  edition,  yol.  i.  p.  S07. 

t  Of  the  different  component  parts  of  the  atmosphere  the  total  amount  of  pressure  exerted  by 

nitrogen  gas  is  equivalent  to 23'36  inches  of  mercury,  or  1 1  lbs.  10  oz.  S60  grs. 

Oxygengas 6-18  „  „    3    „      1  „  218    „ 

Aqueous  yapour 0*44  „  „    0    „      S„  218    „ 

Carbonic  and  gas   0*02  „  „    0   „     0  „     79  >» 

*  SCrOO 

t  In  the  aneroid  barometer  (a  barometer  without  fluid),  the  pressure  of  the  air  is  measured  by 
the  elevation  or  depression  o(  the  surface  of  a  closed  metallic  vessel  exhausted  of  air.  The  pres- 
sure of  the  air  being  marked  at  a  given  time,  any  alteration  is  indicated  by  the  movements  of  the 
surface,  and  communicated  by  wheels  marking  the  change  on  a  dial  by  an  index. 
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annual,  and  irregular.  The  daily  oscillations  present  two  maxima 
(one  at  about  9h.  a.h.,  and  the  other  about  10^  h.  p.m.),  and  two 
minima  (at  about  4  a.m.  and  4  p.m.),  which  within  the  tropics  are 
attained  with  almost  perfect  regularity,  undisturbed  by  storm, 
tempest,  rain,  or  earthquake,  at  all  elevations  from  the  level  of  the 
sea  up  to  13,000  feet.  Towards  the  poles,  and  at  great  elevations 
in  temperate  climates,  this  regularity  is  diminished,  and  at  length 
lost,  or  even  perhaps  inverted.  The  amount  (or  amplitude)  of  these 
oscillations  varies  in  different  climates,  but  is  most  considerable  near 
the  equator,  amounting  there  to  about  i^th  of  an  inch. 

75.  The  second  kind  of  barometric  oscillation  is  that  observed 
during  the  successive  months  of  the  year.  In  warm  climates  north 
of  the  equator  the  mean  pressure  diminishes  gradually  from  winter 
to  summer  throughout  the  year : — on  the  east  coast  of  the  great 
continent  from  December  to  June,  in  India  and  at  Cairo  from 
January  to  July,  and  in  the  West  Indies  from  January  to  August, 
the  range  being  about  0*63  inches.  In  the  north  temperate  zone 
there  are  two  minima,  one  near  the  time  of  each  equinox,  and 
corresponding  maxima  in  summer  and  winter,  the  summer  maxi- 
mum Being,  however,  lower  than  that  of  winter. 

76.  The  irregular  oscillations  of  the  barometer  are  far  less  readily 
explained  and  described  than  those  periodic  ones  we  have  been 
considering.  They  depend  on  winds,  on  geographical  position,  on 
the  fall  of  rain,  and  on  the  electric  tension  of  the  atmosphere;  but 
although  anomalies  sometimes  occur,  especially  in  the  interior  oi 
continents,  it  may  be  concluded  that  the  barometer  is  generally 
higher,  ceteris  paribus,  when  winds  blow  from  the  pole,  and  from 
the  interior  of  continents,  and  lowest  when  they  come  from  the 
equator  or  from  the  sea. 

77.  Geographical  position,  or  position  with  reference  to  the 
vicinity  of  the  sea,  wide  tracts  of  desert,  lofty  mountains  or  exten 
sive  pmteaux,  produces  great  modifications  in  the  pressure  of  the 
atmosphere,  and  therefore  in  the  height  of  the  barometer,  so  that 
the  total  mean  amplitude  or  range  of  the  barometer  during  the 
whole  year,  or  the  summer  and  winter  halves  of  the  year,  varies 
extremely  in  different  districts,  being  greatest,  so  far  as  obser- 
vations show,  in  Iceland,  where  the  annual  range  amounts  to 
1*4137  inch,  and  smallest  at  Batavia,  where  it  is  only  0*1173  inch. 
It  wiU  be  understood  that  the  actual  range  on  particular  occasions 
is  often  very  much  greater  than  these  figures  show,  the  winter 
range  being  generally  higher  than  the  summer. 

78.  The  mean  temperature  of  the  atmosphere  is  greatest  at  the 
earth's  surface  in  any  district,  and  diminisnes  at  the  rate  of  about 
1°  Fahr.  for  every  350  feet  of  elevation  near  the  earth,  but  not  so 
rapidly  at  great  altitudes.    At  a  certain  height,  however,  the  region 
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of  perpetual  congelation  is  reached  in  every  climate ;  and  if  the 
mountains  are  sufficiently  lofty,  this  is  manifested  by  their  snow- 
capped summits  in  the  middle  of  summer.  When  undisturbed  by 
special  local  causes,  the  snow  line,  as  this  limit  is  called,  is  at  the 
height  of  15,000  feet  at  the  equator*,  3800  feet  at  60°  latitude, 
and  only  one  foot  at  75° ;  but  there  are  infinite  modifications  of  the 
general  law,  one  of  the  most  striking  occurring  in  the  Himalayan 
mountains,  where  the  snow  lies  on  the  southern  decHyilr  at  about 
15,000  feet,  although  on  the  northern,  which  might  nave  been 
expected  to  show  the  coldest  temperature,  it  is  not  met  with  till 
we  reach  20,000  feet.  The  causes  of  this  decrease  of  temperature 
in  the  upper  parts  of  the  air  are,  1st,  that  the  air  in  these  regions 
is  expanded,  and  the  quantity  of  heat  in  a  given  area  near  the  sur- 
face IS,  therefore,  distributed  over  a  much  larger  area  as  we  ascend; 
and,  2nd,  that  a  great  part  of  the  heat  of  the  atmosphere  is  obtained 
by  contact  with  the  earth's  surSace,  the  sun's  rays  being  absorbed 
but  Httle  while  merely  passing  through  the  air.  The  temperature 
of  the  air,  as  dependent  on  that  of  the  subjacent  earth,  varies,  of 
course,  according  to  climate  and  season. 

79.  The  condition  of  the  atmosphere  with  regard  to  moisture 
varies  greatly  at  different  hours  and  seasons,  and  in  various  places, 
but  dry  air  of  a  given  temperature  is  always  capable  of  holding  in 
suspension  a  certain  limited  quantity  of  aqueous  vapour,  and  when 
the  temperature  is  diminished  the  capacity  for  retaining  water  is 
also  diminished.  When,  therefore,  warm  air  fuUy  charged  with 
vapour  comes  in  contact  with  a  cold  surface,  or  with  a  cold  stratum 
of  air,  it  is  chilled,  and  part  of  its  vapour  must  be  precipitated : 
either  as  dew  on  some  solid  substance  present  to  receive  it ;  or  in 
small  drops  or  globules  of  water  ofben  still  retained  in  the  form  of 
visible  vapour,  either  as  mist  or  fog ;  or  else  as  clouds  wafted  along 
by  winds,  and  depositing  their  load  at  a  great  distance  from  the 
-spot  whence  it  was  evaporated.  Over  the  sea  and  other  large 
bodies  of  water  the  air  is  always  in  a  state  of  saturation.  On  coast 
lines  also  it  remains  loaded  with  moisture,  but  in  the  interior  of 
continents  its  condition  is  ofben  very  different ;  so  that  there  are 
some  districts  having  seasons  of  incessant  rain,  others  where  rain 
falls  occasionally  throughout  the  year,  and  others  again  where  no 
rain  Mis,  and  where  the  air  is,  therefore,  invariably  dry.  The  air 
at  the  sur&ce,  especially  in  temperate  climates,  is  rarely,  however, 
in  the  same  state  as  it  is  at  an  elevation  of  even  a  few  hundred 
feet ;  and  the  meeting  of  two  currents  high  in  the  heavens  will 

*  In  South  America,  according  to  Pentland,  the  snow  line,  which  is  ahoat  as  high  as  the 
summit  of  Mont  Blanc  (15,750  feet)  at  the  equator,  actually  ascends  more  than  2500  feet  as  w« 
advance  southwards  until  it  attains  the  maximum  elevation  of  nearly  18,500  feet  not  feur  from 
Quito. 
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often  produce  a  cliange  not  indicated  by  instruments  or  appearances 
near  the  earth. 

80.  The  quantity  of  water  distributed  over  the  earth's  surface 
after  being  conveyed  through  the  air  in  clouds  is  larger  than  could 
be,  supposed  without  careral  investigation.  Erom  the  measure- 
ments of  the  quantity  made  in  various  places  and  continued  over 
many  years,  it  appears,  1st,  that  while  mountain  districts  on  the 
whole  receive  a  larger  quantity  of  rain  than  plains,  yet  in  places 
of  moderate  elevation  more  rain  falls  near  the  surface  than  at  a 
small  height  above  it ;  2nd,  that  a  larger  quantity  falls  on  coast 
lines  on  the  western  side  of  great  continents  in  the  temperate  zones 
than  on  the  eastern  side  or  the  interior,  but  in  the  tropics  more  on 
the  eastern  side ;  and,  3rd,  that  much  more  rain  falls  in  tropical 
than  in  temperate  climates,  though  the  number  of  days  on  which 
rain  falls  is  greater  in  the  latter  than  the  former  case.  In  the 
tropics,  even  in  the  rainy  season,  the  rain  falls  chiefly  during  the 
day ;  but  in  temperate  climates,  indifferently  by  day  or  night. 

81.  Within  the  tropics  there  is  frequently  a  rainy  and  a  dry 
season ;  and  in  the  tropical  countries  of  the  New  "World  the  mean 
annual  fall  is  about  115  inches,  while  in  the  Old  World  it  is  not 
more  than  76  inches,  giving  a  general  mean  for  the  tropics  of  95^- 
inches.  In  the  temperate  zone  of  the  northern  hemisphere  there 
is  less  difference  between  the  eastern  and  western  continents,  the 
mean  being  37  inches ;  but  the  extremes  in  each  case  exhibit  very 
wide  ranges.  In  the  south  temperate  zone  the  fall  averages  26 
inches  only,  and  in  the  frigid  zones  it  has  not  been  measured 
with  sufficient  accuracy,  but  is  very  much  smaller.  It  would 
appear  that  between  tnree  or  four  times  the  total  quantiiry  of 
water  retained  at  one  time  in  the  atmosphere  in  the  fcrm  of  in^ 
visible  aqueous  vapour  or  cloud,  falls  annually  on  continents  and 
islands. 

The  following  table  wiU  show  the  distribution  and  absolute  quantify  of  water 
falling  on  the  land  in  different  districts  of  the  earth  according  to  the  lafcest  and 
best  estimates.  It  must  be  understood  that  in  the  two  frigid  zones,  and,  indeed, 
in  the  temperate  zones,  the  estimate  includes  the  whole  £aJl  of  wat€T  whether  as 

rain  or  snow : — 

Area  of  land  Total  annual  rain-fiLll 

in  sq.  ms.  in  cubic  feet.  in  tons  weighti 

N.andS. Torrid  zone  19,400,000  4,282,750,000,000,000  119,177,000,000,000 

N.  Temperate  zone .  25,150,000  2,160,500,000,000,000  60,000,000,000,000 

S.  Temperate  zone  .    4,350,000  261,500,000,000,000  7,275,000,000,000 

N.andS.  Frigid  zone    2,600,000  70,250,000,000,000  2,000,000,000,000 

Oeneral  total 51,500,000    6,775,000,000,000,000    188,452,000,000,000 


82.  The  electric  tension  of  the  atmosphere  is  constantly  under- 
going great  disturbance,  being  affected  by  every  change  in  its  hu- 
midity and  temperature.     The  phsenomena  of  storms  are  intimately 
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connected  with,  and  dependent  on,  these  modifications.  Even  the 
deposit  of  dew,  the  gentlest  of  atmospheric  changes,  as  well  as  the 
formation  of  mists,  fogs,  and  clouds,  and  the  falbng  of  rain,  snow^ 
and  hail,  must  be  regarded  as  both  consequent  upon  and  causing 
great  electric  disturbance.  When  serene  the  atmosphere  almost 
alwavs  indicates  positive  electricity. 

Violent  storms  occur  firequently  in  the  tropics,  and  are  called 
hurricanes,  tornados  and  typhoons,  but  they  are  generally  much 
limited  in  extent  and  direction.  They  advance  from  one  point 
with  a  powerful  and  rapid  gyratory  monon  combined  with  a  urect 
progress ;  but  while  the  latter  is  often  not  more  than  eight  or  ten 
miles  an  hour,  the  former  is  sometimes  50  or  60  miles,  or  even 
more,  producing  destruction  in  the  course  of  the  storm  from  the 
irresistible  force  acquired  by  such  extreme  rapidity.  All  of  them 
are  referable  to  electrical  changes,  which  have  been  generally  in- 
duced by  great  and  unequal  distribution  of  heat.     (See  §  88.) 

83.  Winds  or  currents  of  air  are  portions  of  the  atmosphere  set 
in  motion,  in  consequence  of  one  part  being  displaced  by  some 
local  cause,  and  another  part  rushing  in  to  supply  the  vacant  place* 
Winds  keep  the  atmosphere  permanently  in  a  state  of  complete 
mixture  of  the  component  parts.  They  help  to  purify  it  by  remov- 
ing miasma  and  exhalations  locally  injurious,  but  admitting  of  such 
dilution  as  to  be  ultimately  harmless :  they  fsEivour  and  assist  in  the 
fecundation  of  plants  by  the  distribution  of  pollen : — ^they  modify 
and  equalize  the  temperature  of  various  pfffts  of  the  surface : — 
they  convey  clouds,  and  thus  distribute  moisture,  and  render  the 
interior  of  continents  fertile ;  but  sometimes  they  carry  with  them 
poison  and  death,  for  they  bear  along  the  insects  ana  the  blight 
that  ofben  destroy  the  hopes  of  the  husbandman,  and  the  fever  that 
baffles  the  skill  of  the  physician. 

84.  Q-eneraUy  if  two  districts  are  unequally  heated  a  cold  wind 
will  set  in  near  the  surface  from  the  less  heated  to  the  more  heated 
district,while  a  corresponding  current  in  the  opposite  direction  takes 
place  in  the  upper  regions  of  the  atmosphere.  Thus,  when  the 
sun  shines  during  the  £ty,  and  land  and  water  are  equally  exposed 
to  its  influence,  the  land  is  more  heated  than  the  water,  and  a  cool 
breeze  is  soon  felt  setting  in  landwards ;  while  in  the  evening,  when 
the  sun  has  set,  and  the  greater  radiation  cools  the  earth  sooner 
than  the  water,  the  converse  takes  place,  and  in  this  way  are  ex- 
plained the  phsBnomena  of  land  and  sea  breezes,  and  numerous  ap- 
parent anomialies  observed  in  local  prevalent  winds. 

86.  The  trade-winds  are  periodical  winds,  occurring  near  the 
tropics  in  the  open  ocean.  The  portion  of  the  earth  near  the 
equator  being  the  hottest  part  of  the  globe,  the  air  over  it  is  there 
more  heated  than  elsewhere,  while  on  the  other  hand  the  regions 
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near  the  poles  are  exposed  to  perpetual  cold.  There  is  thus  in- 
duced a  constant  cool  current  near  the  earth,  setting  southwards 
from  the  north  pole,  and  northwards  from  the  south  pole,  while  con- 
stant warm  currents  pass  above  this  cooler  one,  proceeding  from  the 
equator  towards  each  pole.  These  would  be  mstinctly  observable 
everywhere,  but  for  the  revolution  of  the  earth  round  its  axis  from 
west  to  east,  which  alters  such  currents,  and  produces  a  tendency 
to  north-east  winds  in  the  northern,  and  south-east  in  the  southern 
hemisphere.  But  now  comes  into  play  another  result  of  the  con- 
dition of  the  atmosphere,  for  the  wind  advancing  along  the  surface 
from  the  poles  northwards  or  southwards,  must,  as  it  approaches 
nearer  the  equator,  arrive  successively  at  points  which  move  more 
rapidly  than  itself,  as  the  air  at  the  equator  and  poles,  in  each 
case,  moves  round  with  the  earth  once  in  every  twenly-four  hours, 
but  near  the  poles  the  circle  of  its  motion  is  very  small,  while  at  the 
equator  it  is  enormously  larger.  Thus  it  results,  that  at  certain 
latitudes  the  winds  blow  rather  from  the  east  than  the  north-east, 
and  this  direction  is  pretty  uniform  between  the  twenty-eighth 
parallel  on  each  side  of  the  equator,  except  that  near  the  equator 
(between  the  third  and  ninth  parallels  of  north  latitude)  there  is 
a  region  of  calms  and  variable  winds,  altemating  often  with  violent 
storms. 

The  north-east  trade-wind  is  less  steady  in  the  Atlantic  than 
the  south-east,  probably  because  of  the  more  confined  condition  of 
the  northern  part  of  that  ocean.  In  the  Pacific  this  wind  does  not 
seem  to  extend  beyond  about  140°  west  longitude,  that  is,  as  far  as 
there  is  open  sea.  The  multitude  of  islands  and  coral  banks  in  the 
rest  of  that  portion  of  the  tropical  sea,  and  the  land  of  the  great 
continents,  both  in  the  Old  and  the  New  Worlds,  prevent  these  re- 
gular winds  from  beiug  perceived,  and  introduce  a  multitude  of 
k)cal  and  distinct  currents. 

86.  The  trade-winds,  interrupted  in  their  course  by  the  distri- 
bution and  form  of  the  land  in  the  Indian  Ocean,  pass  there  into 
periodical  winds  called  monsoons,  which  blow  from  the  middle  of 
April  to  the  middle  of  September  in  one  direction,  and  from  the 
middle  of  October  to  the  middle  of  March  in  the  opposite  direc- 
tion. North  of  the  equator  the  former  are  eouth-west,  and  the 
latter  north-east  winds,  and  south  of  the  equator  the  summer  mon- 
soons are  south-east,  and  those  of  the  winter  north-west.  The 
change  takes  place  gradually,  beginning  in  the  upper  regions  of 
the  atmosphere  and  being  often  accompanied  by  storms.  Mon- 
soons of  less  perfect  character  occur  on  the  coast  of  Brazil,  in  the 
&ulf  of  Mexico  and  elsewhere,  and  other  periodical  winds  known 
by  various  names  are  common  on  most  shores. 

87.  Beyond  the  limits  of  the  trade-winds  in  the  temperate  cli- 

])2 


52  PHYSICAL  eEOGBAFHT. 

mates  of  both  hemispheres,  the  wind  more  commonly  blows  from 
some  one  direction  than  any  other,  and  every  country  has  thus  what 
are  called  prevalent  wi/nds.  South-west  and  north-west  winds  prevail 
near  the  surface  in  the  north  and  south  temperate  zones  respec- 
tively, and  in  each  case  there  are  return-currents  in  the  upper 
regions  of  the  atmosphere*. 

88.  Storms  of  the  nature  of  hurricanes  chiefly  occur  or  commence 
near  the  tropics.  In  the  northern  hemisphere,  the  region  of  the 
West  Indies,  and  in  the  southern,  the  south-western  part  of  the 
Indian  Ocean,  or  rather  the  islands  there  situated,  are  the  princi- 
pal foci  whence  have  proceeded  the  most  violent  storms  on  record. 
The  motion  of  the  winds  in  these  storms  is  spiral,  and  on  the  north 
side  of  the  equator  the  wind  within  the  limits  of  the  storm  moves 
from  east  round  by  the  north  point  of  the  compass  to  west  (frt)m 
right  to  left),  and  in  the  southern  hemisphere  in  the  opposite  di- 
rection (from  left  to  right).  The  advance  of  the  storm  itself  is, 
however,  in  a  parabolic  curve,  proceeding  first  westwards,  and  then 
by  the  north  towards  the  east.  In  the  former  district  the  storm 
season  is  in  the  autumn  months,  extendiag  through  July,  August, 
September,  and  October.  The  storms  range  from  latitude  10°  to 
50°  north,  and  longitude  50°  to  100°  west.  In  the  Indian  Ocean 
they  prevail  chiefly  from  December  to  April,  occurring  also,  though 
seldom,  in  May  or  November,  and  in  that  part  of  the  world  they 
range  from  the  coast  of  Madagascar  to  that  of  Australia.  The 
ordinary  hurricanes  seem  to  extend  over  a  breadth  of  from  500  to 
1000  nules  in  the  Atlantic,  and  of  about  600  nules  in  the  Indian 
Ocean.  Storm  waves  and  temporary  currents  (storm-currents) 
seem  often  to  accompany  a  hurricane  at  sea,  the  former  being  true 
waves  raised  above  the  level  of  the  sea,  and  carried  along  with 
the  storm  in  its  onward  course,  and  the  latter  consisting  of  a  rota- 
ting stream  in  the  centre  of  the  storm.  Torrents  of  rain  and  ex- 
plosions of  thunder,  with  vivid  flashes  of  lightning,  have  been 
generally  observed  to  accompany  hurricanes.  The  typhoons  of  the 
China  sea  have  the  usual  range  of  latitudes  for  storms  (10°  to  50° 
N.),  and  extend  fix)m  the  coast  of  China  to  longitude  150°  east. 
They  occur  only  once  in  about  three  or  four  years.  The  deserts 
of  Asia  and  Africa,  some  of  the  plains  (Uanos)  of  South  America, 
and  parts  of  Australia,  are  exposed  at  times  to  hot  storm  winds, 
which  are  of  the  nature  of  tornadoes,  and  are  very  destructive. 

89.  By  CLIMATE  (as  Humboldt  has  expressed  in  his  Cosmos, 
vol.  i.  p.  312,  Col.  Sabine's  translation)  we  understand  "  all  those 
states  and  changes  of  the  atmosphere  which  sensibly  affect  our 
organs :  temperature,  humidity,  variation  of  barometric  pressure,  a 

*  The  mean  direction  of  the  wind  deduced  from  various  observations  in  the  north  temperate 
lone  is  thus  sUted  by  K&mtz  -.—England  8.  Cfi*'  W. ;  France,  S  88°  W. ;  Germany,  S.  760  W. ; 
Denmark,  S.  62°  W. ;  Sweden  S.  50°  W. ;  Russia  N.  870  W. ;  and  North  America,  S.  86°  W. 
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calm  state  of  the  air,  or  the  effects  of  different  winds,  the  amount 
of  electric  tension,  the  purity  of  the  atmosphere,  or  its  admixture 
with  more  or  less  deleterious  exhalations,  and  lastly,  the  degree  of 
habitual  transparency  of  the  air,  and  serenity  of  the  sky,  which  has 
an  important  influence,  not  only  on  the  organic  development  of 
plants,  and  the  ripening  of  fruits,  but  also  on  the  feelings  and 
whole  mental  disposition  of  man."  Many  facts  bearing  on  climate 
have  been  already  touched  on,  and  we  have  here  chiefly  to  consider 
the  modifications  of  it  dependent  on  position,  and  the  various 
changes  (not  merely  possible,  but  certain)  that  would  ensue  from 
an  alteration  in  the  absolute  proportion  of  land  and  water,  and  the 
relative  position  and  arrangement  of  the  land  that  may  at  any  time 
exist. 

90.  Climate  in  this  sense  is  chiefly  determined  hy  averages  of 
temperature,  not  only  of  the  year,  but  also  of  the  diflferent  parts  of 
the  year.  If  lines  are  drawn  through  places  in  which  the  same 
quantity  of  heat  is  received  annually,  or  in  other  words,  in  which 
the  mean  annual  height  of  the  thermometer*  is  the  same,  we  shall 
find,  that  they  have  little  reference  to  latitude,  but  are  modified  hj 
the  form  and  position  of  the  great  masses  of  land,  and  the  princi* 
pal  marine  currents.  If  similar  lines  are  drawn  through  places 
having  the  same  mean  summer  or  winter  temperature,  a  further 
divergence  is  presented,  so  that  these  three  sets  of  lines  are  quite 
distinct  from  each  other,  and  are  dependent  chiefly  on  the  position 
of  the  land,  the  vicinity  of  large  level  tracts,  whether  lofty  or  low, 
the  neighbourhood  of  mountain-chains,  of  large  rivers,  or  arms  of 
the  sea,  or  of  the  great  ocean  itself,  and  in  a  word,  with  every  phy- 
sical feature  of  the  earth,  no  matter  what  it  be. 

91.  The  total  quantity  of  heat  received  upon  the  earth  from  the 
sun  depends  almost  entfrely  on  the  circumstances  under  which  the 
heat  is  received,  for  if  the  atmosphere  were  uniformly  clear  and 
dry  at  one  time,  and  uniformly  cloudy  at  another,  the  quantity  of 
heat  reaching  the  earth  at  the  two  periods  would  vary  enor- 
mously. So  also  if  the  land  were  all  distributed  in  small  islands, 
the  heat  received  would  be  immediately  distributed,  and  an  ave- 
rage or  insular  climate  would  prevail  everywhere.  If  the  land 
were  all  in  very  lofty  masses  at  one  period  of  the  earth's  history, 

*  This  instrument  measures  temperature  by  the  expansion  of  a  column  of  fluid  (mercury  or 
spirits  of  wine),  to  which  a  |^aduated  scale  is  affixed.  Observations  being  made  at  different 
hours  of  the  day  for  every  day  in  the  year,  and  carefuUy  recorded,  the  mean  daily,  weekly,  monthly, 
or  annual  temperature,  or  the  mean  temperature  for  the  summer  and  winter  seasons,  are  obtained. 
The  averages  of  a  number  of  years'  observation  being  taken,  the  result  becomes  of  ^eat  value  for 
comparison.  The  thermometer-scales  in  common  use  are,  1.  That  of  Fahrenheity  where  the 
interval  between  tiie  freezing  and  boiling  points  of  water  is  cUvided  into  180  equal  degrees,  and  the 
commencement  of  the  scale  is  32  degrees  below  the  freezing  point,  so  that  the  boiling  point  of 
water  is  212°.  This  is  the  scale  commonly  used  in  England.  2.  The  Centigrade  or  Ceisma  scale, 
where  tiie  space  between  the  freezing  and  boiling  points  of  water  is  divided  into  100°,  and  the 
zero  point  is  the  freezing  point  of  water ;  and,  3.  The  Reaumur  scale,  where  the  zero  is  the  same 
as  in  the  Centigrade,  but  the  space  between  the  freezing  and  boiling  points  is  divided  into  80°. 
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and  all  in  low  plains  at  another,  the  temperature  must  differ  to 
a  very  wide  extent,  being  least  in  the  former  case  and  greatest 
in  the  latter.  And  if,  lastly,  the  land  were  all  collected  towards 
the  equator  at  one  period,  and  all  thrown  towards  the  poles  at 
another,  the  temperature  would  again  exhibit  vast  changes,  the 
maximum  being  attained  in  the  former  case,  and  the  minimum  in 
the  latter.  That  the  land  is  distributed  as  we  now  find  it,  does 
not  seem  to  be  the  result  of  any  abstract  necessity;  and  it  would 
seem  perfectly  consistent  with  all  known  laws  and  all  existing 
causes,  if  it  either  had  formerly,  or  should  have  hereafter,  a  totally 
different  distribution,  and  rise  above  the  water  in  proportions 
altogether  unlike  the  present* 

92.  lines  joining  places  haying  the  same  mean  annual  temperature,  the  same 
mean  summer,  and  the  same  mean  winter  temperature  are  called  respectiyehr 
isothermaly  isotheral^  and  isocMmetial  lines  (from  the  Greek  words  isos,  equal, 
thermos,  heat,  fherosy  summer,  and  chevmon,  winter).  The  former  (isotner* 
mals)  are  those  most  generally  regarded  as  important ;  but  the  latter  are  also 
extremely  influential  in  goveming  and  limiting  the  ranges  of  yegetable  and 
animal  me,  and  the  profitable  growth  of  yarious  plants  yaluable  to  man.  Thus 
theyine  requires  great  heat  in  summer,  but  can  endure  extreme  winter  cold; 
so  that  it  produces  rich  and  yaluable  wine  in  Hungary,  but  hardly  ripens  in 
Dublin,  its  limit  of  mean  summer  temperature  being  aboye  that  of  the  coast  of 
Ireland.  The  limits  of  the  profitable  growth  of  the  yine  ore  the  isothermal  of 
50^,  the  isotheral  of  65°,  and  the  isochimenal  of  33°  Fahr.  It  will,  of  course, 
be  imderstood  that  we  are  here  speaking  of  heights  not  greatly  above  the  sea- 
leyel,  as  eleyation  diminishes  the  temperature  in  all  cases. 

93.  It  has  been  attempted  to  determine  approximately  the  mean  annual  tem- 
perature of  particular  portions  of  the  land.  Thus  the  temperature  of  the  tropics 
generally  on  the  coast  is  considered  to  amount  to  81^°  Fahr.,  but  in  the  interior 
it  is  generally  higher.  The  temperature  of  the  north  pole  has  in  like  manner 
been  estimated,  Arago  haying  calculated  that  the  lan^  even  if  surroimded  by 
water,,  cannot  possess  a  mean  heat  so  high  as  the  zero  of  Fahrenheit.  But  it  is 
likely  that  this  estimate  is  too  low,  and  that  the  real  temperature  is  nearly  17^° 
Fahr.  The  temperature  of  the  south  pole  is  probably  much  lower.  Lastly, 
the  mean  temperature  of  the  whole  surface  of  the  earth  nas  been  found  by  Doye 
to  be  58*2°  Fahr.,  being  about  54°  in  January  and  62°  in  July. 

Attempts  haye  been  made  to  determine  the  equator  of  heat  and  the  poles  of 
cold.  The  former  is  not  yery  satisfactorily  made  out ;  but  with  regard  to  the 
latter,  there  are  probably  two  such  points  in  the  northern  hemisphere,  one  being 
in  America  and  another  in  Siberia. 

Below  the  surface  of  the  earth,  to  a  certain  small  depth,  and  in  temperate 
climates  of  the  northern  hemisphere,  the  temperature  rises  and  fistUs  slowly 
in  accordance  with  the  changes  that  take  place  at  the  surface  itseU^  but  at 
a  depth  yarying  from  a  few  inches  to  40  feet  the  range  becomes  scarcely 
perceptible. 

According  to  Boussingault's  researches,  the  stratum  of  inyariable  tempera- 
ture within  the  tropics  in  South  America  is  not  more  than  a  foot  or  two  below 
the  surface ;  but,  by  obseryations  made  at  Treyandrum  by  Mr.  Oaldecott,  in 
1842  and  1843,  the  temperature  there  yaries  greatly  eyen  at  the  depth  of  six 
feet.  In  latitudes  48° — 52°  N.,  the  depth  of  the  stratum  of  inyariable  tem- 
perature yaries  from  60  to  about  64  feet.     (See  amite,  §  35.) 
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94  The  motion  and  circxdation  of  water  in  the  sea,  and  its  dis- 
tribution through  the  agency  of  the  atmosphere  must  next  be 
considered.  The  movements  of  water  on  a  large  scale  are  prin- 
cipally by  tidal  waves  and  marine  currents ;  but  the  circulation 
of  water  is  effected  partly  by  rivers  and  springs,  which  convey 
along  a  portion  of  the  rain  that  falls  on  the  earth,  and  is  not  taken 
back  by  evaporation  into  the  atmosphere.  Each  in  turn  will 
require  attention,  but  first  of  aU  it  is  desirable  to  give  some  de- 
finite notion  of  the  nature  of  waves,  a  term  commonly  used  in 
speaking  of  fluid  motion,  but  of  which  there  are  very  different 
kmds. 

95.  When  the  surface  of  a  disturbed  sea  is  carefully  looked  at, 
the  various  tumultuous  tossings  may  be  grouped  into  a  number  of 
definite  forms,  and  any  such  form  to  which  we  can  individually 
refer,  we  call  a  wave.  Some  of  these  appear  to  be  rushing  on  at 
the  rate  of  manv  nules  an  hour ;  but  if  a  ship  is  upon  them  thev 
appear  to  pass  Wer  it,  lifting  it,  but  not  ^iiBi£^  its  progre^- 
sion.  And  in  this  way  also  it  is  clear  that  the  motion  of  a  wave 
may  be  different  from  the  motion  of  the  water  in  which  it  moves, 
for  we  often  find  waves  coming  in  towards  the  shore  with  great 
distinctness,  rapidity,  and  violence,  while  the  tide  perhaps  is 
ebbing,  and  pieces  of  wood  are  being  gradually  floated  out. 

The  true  nature  of  a  wave  may  be  discovered  by  taking  a  long, 
narrow  trough,  filled  with  water  to  the  depth  of  a  few  inches,  and 
disturbing  the  water  by  moving  the  hand  for  a  short  time  along 
the  channel,  thus  pusmng  along  to  some  distance  the  fluid  which* 
the  hand  touches,  and  suddenly  stopping.  The  original  motion 
being  stopped,  the  movements  in  the  water  are,  however,  by  no 
means  stopped  also.  A  temporary  heap  is  formed,  rising  above 
the  former  suri^a^e,  which  appears  to  t^vel  onwards  for  a  great 
distance,  and  which  results>om  the  crowding  of  particles  to 
occupy  a  new  place.  This  is  a  wave.  The  rate  of  displacement 
of  one  series  oi  particles  by  another  is  called  the  velocity  of  trans- 
mission of  the  wave.  The  shape  assumed  hy  the  crowded  particles 
is  its  form,  and  the  distance  (m  the  direction  of  transmission)  to 
which  the  crowding  extends  is  its  length  or  amplitude.  Its  height 
is  to  be  reckoned  from  the  highest  point  or  crest  to  the  origmal 
surface  of  the  fluid. 

96.  *'  Such  being  the  wave  and  its  motion,  the  water  motion  is  altogether 
distinct.  Let  us  seleet  from  the  crowd  of  water-particles  an  indiyidu^  and 
watch  its  behariour  during  the  migration.  The  progressiye  agitation  first 
reaches  it  while  stiU  in  peilect  repose  j  the  crowd  behind  it  push  forward,  and 
new  particles  take  its  place.  One  particle  is  urged  forward  on  that  before  it, 
and  being  urged  on  from  behind  by  the  crowd  stiLl  swelling  and  increasing,  it  is 
raised  out  of  its  place  and  carried  forward  with  the  velocity  of  the  surroimding 
particles ;  it  is  urged  still  on,  until  the  particles  which  displaced  it  have  made 
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room  for  tbemtelm  behind  it,  uid  than  the  power  dimimBhei,  HsTing  now 
in  iti  turn  pushed  the  particles  before  it  along  out  of  their  pUce,  and  cronded 
tbem  together  on  their  antecedent*,  it  ia  gradual!;  left  behind,  and  finally  get- 
tlea  quiet^  down  in  its  new  place.  Thus,  then,  the  motion  of  migration  of  an 
isdindnal  particle  of  water  is  Terj  different  from  the  motion  of  transminaion  of 
the  wave. 

"  The  wave  goes  still  forward  along  through  the  channel,  but  each  individual 
water-particle  remaine  behind.  The  wave  passee  on  with  a  continuous  uninter- 
rupted motion.  The  water-particle  a  at  reet,  etarts,  riiea,  ia  accelerated,  ii 
bIowIj  retarded,  and  finallj  stope  still.  The  range  of  the  particle'i  motion  is 
short,  but  its  translotioQ  is  interrupted  and  final.  Its  vertical  ronfe  and  hori- 
lontai  range  are  finite.  The  motion  of  the  particle  is  not,  therefore,  like  the 
apparent  motion  of  the  ware,  either  uniform  or  continuous.  The  motion  of 
the  waMr-particles  a  a  true  motion  of  translation  of  matter  &om  one  place  to 
another  wilb  the  velocity  and  range  which  the  senses  obserre.  But  the  wave- 
motion  is  an  ideal  individuality  attributed  by  the  mind  of  the  observer  to  a 
process  of  changes  of  relative  position  or  of  absolute  place,  which  at  no  two 
mstants  beloi^s  to  tlie  same  particles  in  the  same  place.  The  water  does  not 
traTel,  the  visible  heap  at  no  two  successive  instants  is  the  same.  It  is  the 
motion  of  particle  which  goes  on,  now  at  this  place,  now  at  that,  having  passed 
all  the  intermediate  points.  It  is  the  crowding  motion  alono  which  is  trans- 
mitted, and  which  forms  the  true  wave. 

"  WaTe  propagation  consists  in  the  transmission  &om  one  clasa  of  particles 
to  another,  of  a  motion  di^ring  in  kind  from  the  motion  of  transmission. 
Wave-motion  is,  therefore,  transcendental  motion  ;  motion  in  the  second  decree, 
the  motion  of  motion,  the  transference  of  motion  without  the  transference  of  the 
matter,  < 

"It  is 

this  distinction  between  the  wave-motjon  and  the  water-motion  be  clearly  oon- 
iKnved.    It  has  been  well  illustrated  by  the  agitations  of  a  crowd  of  people,  and 
of  a  field  of  standing  corn  waving  with  the  wind.    If  we  stand  o"  •■■  "";""-~- 
we  notice  that  each  gust,  as  it  passes  along  the  field,  bending  on 
stalks,  markes  its  course  by  the  motion  it  gives  to  the  grain, 
eflbct  is  like  that  of  on  agitated  sc«.    The  waving  motion  TiaiU; 
the  whole  lengUi  of  the  field,  but  the  com  remains  rooted  to  the 

97.  Teking  into  accoimt  all  the  priacipal  phenome 
there  result  several  very  different  kinds,  but  of  these  o 
here  requires  consideration.  It  is  that  Trhich  is  callei 
tranilation,  and  involves  the  movement  in  mass  of  tht 
of  the  fluid  from  one  place  to  another.  Of  this  kin( 
wave,  and  any  diluvial  vave,  or  rush  of  water  arising  fi 
addition  of  water,  serving  for  the  transmission  of  mecl 
It  is  a  solitary  vraTC  raised  above  the  original  fluid 
has  a  definite  form  and  magnitude,  and  a  uniform 
pendent  only  on  the  depth  of  the  fluid  tmd  the  height 
crest.  The  totd  efi'ect  of  having  transmitted  this  i 
channel  ia  to  have  m.oved  successively  every  particle 
channel  forward  through  a  space  equal  to  the  volume 
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divided  by  the  water-way  of  the  channel.     During  transmission 
the  vertical  arrangement  of  the  water  is  not  affected. 

98.  We  now  come  to  the  application  of  the  wave  theory  to  the 
tides,  which  may  be  understood  to  consist  of  a  single  wave  of 
translation,  often  divided  and  broken,  but  retainiiig  a  general 
direction,  and  first  given  as  the  wave  is  originally  formed,  by  the 
attraction  of  the  moon  and  sun  on  the  mass  of  water  as  distinct 
from  the  whole  mass  of  the  earth.  The  direction  is  modified  by 
the  form  of  the  land  and  the  channels  through  which  the  original 
wave  passes.  Much  difficulty  has  been  felt  in  fully  explaining  all 
known  phenomena  on  this  subject,  and  we  may  regard  the  great 
tide-wave  as  only  seen  in  its  simplicity  and  immensity  in  the  open 
ocean  of  the  southern  part  of  the  southern  hemisphere.  One  part 
of  this  great  wave  advances  up  the  narrow  channel  of  the  Atlantic, 
where  it  is  in  many  places  multiplied  several  times  beyond  its 
normal  amount,  and  delayed  many  hours  beyond  its  time  by  the 
peculiar  configuration  of  the  land.  Another  part  moves  in  a 
similar  way  in  the  Pacific ;  and  though  almost  dissipated,  probably 
because  of  the  equatorial  belt  of  shallow  coral  sea,  near  the  equator, 
on  the  Asiatic  side,  it  continues  to  exhibit  itself,  though  of  very 
small  amount,  and  is  chiefly  manifest  along  the  western  American 
shore.  The  mean  height  of  the  true  tide-wave  is  not  more  than  a 
very  few  feet,  but  the  height  sometimes  reached,  in  consequence 
of  interruptions,  is  more  than  seventy  feet.  The  tide  is  repro- 
duced  in  periodical  oscillations  of  rather  more  than  half  a  day. 

99.  "  The  Antarctic  is  the  cradle  of  tide?.  It  is  here  that  the  sun  and  moon 
have  presided  over  their  birth,  and  it  is  here  also  that  they  are,  so  to  speak, 
abandoned  to  the  guidance  of  their  own  congenital  tendencies.  The  luminaries 
continue  to  travel  round  the  earth  (apparently)  from  east  to  west.  The  tides 
no  longer  follow  them.  The  Atlantic,  lor  example,  opens  to  them  a  long  deep 
canal,  running  from  north  to  south ;  and  after  the  great  tidal  elevation  has 
entered  the  mouth  of  this  Atlantic  canal,  it  moves  continuously  northwards ; 
for  the  second  twelve  hours  of  its  life  it  travels  north  from  the  Cape  of  Good 
Hope  and  Cape  Hoom,  and  at  the  end  of  the  first  twenty-four  hours  of  its 
existence,  has  brought  high  water  to  Cape  Blanco  on  the  west  of  Africa,  and 
Newfoundland  on  the  American  continent.  Turning  now  round  to  the  east- 
wards, and  at  right  angle;*  to  its  original  direction,  this  great  tidal  wave  brings 
high  water,  during  the  morning  of  the  second  day,  to  the  western  coasts  of 
Ireland  and  England.  Passing  round  the  northern  Cape  of  Scotland  it  reaches 
Aberdeen  at  noon,  bringing  high  water  also  to  the  opposite  coasts  of  Norway  and 
Denmark.  It  has  now  been  travelling  precisely  in  the  opposite  direction  to 
that  of  its  genesis,  and  in  the  opposite  direction,  also,  to  the  relative  motion  of 
the  sun  and  moon.  But  its  erratic  course  is  not  yet  complete.  It  is  now 
travelling  from  the  northern  mouth  of  the  German  Ocean  northwards.  At 
midnight  of  the  second  day  it  is  at  the  mouth  of  the  Thames,  and  it  is  not  tfl^ 
the  morning  of  the  third  day  that  this  wave  fills  the  channels  of  the  Thames, 
and  wafts  the  merchandise  of  the  world  to  the  quays  of  the  port  of  London. 
In  the  course  of  this  rapid  journey,  the  reader  will  have  noticed  how  the  lines 
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in  some  parts  are  crowded  together  closely  on  each  other,  while  in  others  they 
are  wide  asunder.  This  indicates  that  the  tide- wave  is  travelling  with  yarious 
velocity.  Across  the  Southern  Ocean  it  seems  to  trayel  nearly  1000  nules  an 
hour,  and  through  the  Atlantic  scarcely  less ;  hut  near  some  of  the  shores,  as 
on  the  coast  of  India,  as  on  the  east  of  Cape  Hoom,  as  on  the  east  of  the 
American  Isthmus,  as  round  the  shores  of  Gh*eat  Britain,  it  trayels  yery  slowly ; 
so  that  it  takes  more  time  to  go  £rom  Aberdeen  to  London  than  oyer  the  arc  of 
120^  which  reaches  between  60°  of  southern  latitude,  and  60°  on  the  north  of 
the  equator.  These  differences  haye  still  to  be  accounted  for;  and  the  high 
velocities  are  inyariably  found  to  exist  where  the  water  is  deep,  while  the  low 
velocities  occur  in  shaUow  water.  We  must,  therefore,  look  to  the  conforma- 
tion of  the  shores  and  bottom  of  the  sea  as  an  important  element  in  the  phe* 
nomena  of  the  tides*." 

100.  The  tide-wave  is  probably  a  very  effective  force  with  refer- 
ence to  the  searbottom,  and  the  transport  of  solid  matter  in  deep 
water.  Being  a  wave  of  the  first  order,  its  velocity  is  far  greater 
in  deep  water  than  in  shallow,  and  if  it  proceeded  with  imiionnity 
and  regularity,  the  velocity  at  a  depth  of  one  fathom  being  eight 
miles  an  hour,  at  the  depth  of  ten  fathoms  it  would  travel  as  much 
as  25  miles  in  the  same  time ;  at  fifty  fathoms  57  miles ;  at  100 
fathoms  80  miles ;  at  1000  fathoms  250  miles,  and  at  4000  fathoms 
600  inilest. 

It  is  not  necessary  here  to  describe  the  inequalities  of  the  tide- 
wave,  or  its  height  as  affected  by  the  figure  of  the  shores  or  the 
form  of  the  bottom.  These  details  woidd  be  out  of  place  in  the 
present  brief  outUne,  but  the  geological  student  should  be  pre- 
pared to  recognize  the  subject  as  having  important  reference  to 
former  or  present  modifications  of  the  e^h's  crust ;  and  for  this 
reason  we  have  presented  here  many  facts  and  their  causes  that 
have  not  hitherto  been  introduced  as  part  of  geology.  The  me- 
chanical force  of  the  tide-wave  must  be  extremely  great,  and  it  is 
incessant,  involving  a  repeated  application  of  the  same  kind  of 
action  on  a  sea-bottom  or  coast  line,  which  cannot  fail  to  produce, 
in  time,  vast  changes,  although  the  nature  and  extent  of  these 
depend  entirely  on  the  originsd  form  and  extent  in  which  the  land 
first  undergoes  elevation,  and  the  form  and  extent  of  the  adjacent 
land. 

101.  The  next  kind  of  movement  that  takes  place  amongst  the 
waters  of  the  ocean  is  that  commonly  designated  by  the  term 
^^  marine  cwrrentP  Marine  currents  differ  from  the  ordinary 
modifications  of  the  tide-wave,  and  have  been  described  by  Hum- 
boldt as  resembling  rivers,  of  which  the  adjacent  undisturbed 
masses  of  water  form  the  banks,  the  Une  of  demarcation  being 

^|£ten  shown  where  long  bands  of  seaweed  are  borne  onward  by 
the  current,  and  enable  us  to  measure  its  velocity. 

*  Johnaton's  Fhyncal  AUas,  B.  4.       f  See  §  123,  on  the  Mechanical  Effect  of  Tidal  Action. 
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Currents  are,  however,  of  two  kinds,  drift  and  stream  currents ; 
the  former  resulting  £rom  the  action  of  prevalent  winds  on  the 
surface  of  the  ocean,  impelling  it  to  leeward,  until  it  meets  some 
obstacle,  over  which  the  water  becomes  heaped.  These  currents 
are  shallow,  and  rarely  exceed  in  velocity  the  rate  of  half  a  mile 
an  hour.  They  are  produced  chiefly  in  the  regions  of  the  trade 
winds  and  the  monsoons,  and  they  sometimes  originate  or  assist 
stream  currents,  by  heaping  up  the  water  against  mud  or  sand- 
banks, coast  lines,  or  stream  ciurents  already  formed.  A  stream 
current  is  generally  of  considerable  bulk,  ana  is  distinctly  a  wave 
of  translation,  caused  by  the  tendency  of  water  that  is  displaced 
to  restore  the  equilibrium  of  the  general  surface  of  the  ocean.  It 
may  also  have  aunost  any  depth  or  velocity. 

it  is  usual  to  consider  marine  currents  with  reference  to  the 
oceans  to  which  they  belong,  and  thus  some  are  regarded  as 
Atlantic,  others  as  Pacific  currents,  and  some  as  belonging  to  the 
Indian  Ocean.  In  fact,  however,  we  can  only  understand  these 
grand  and  influential  phenomena  by  traciog  them  from  their 
origin;  and  this  is  almost  always  at  a  great  distance  from  their 
principal  development. 

102.  Among  the  most  important  of  the  currents,  though  by  no 
means  the  most  striking,  is  the  Equatorial  current  of  the  Pacific, 
which  is  supposed  to  commence  in  the  Antarctic  Ocean  as  a  dnft 
current,  formed  by  the  prevalent  winds  proceeding  from  the  south 
pole  towards  the  equator,  moving  at  first  steadily  from  the  south, 
but  soon  modifled  by  local  causes  iuto  a  south-south-westerly 
wind.  This  wind  conveys  a  large  body  of  water,  first  towards  the 
N.N.E.,  then  N.E.,  and  ultimately  E.N.E.,  to  between  30°  and 
50°  south  latitude.  The  great  drift  current  thus  produced  is. 
divided  into  several  parts  in  about  100°  west  longitude,  one  por- 
tion forming  a  cold  current  along  the  coast  of  Peru;  another  a 
counter-current  returning  southwards  to  Cape  Hoom;  a  third 
becoming  an  open  sea  current  to  the  north-east;  and  a  fourth 
turning  westwards,  forming  the  commencement  of  the  great  Equa- 
torial  current  of  the  Pacific  Ocean.  Obeying  the  impulse  of  the 
trade  winds,  the  water  runs  with  a  permanent  and  steady  flow 
towards  the  west,  over  a  space  of  50°  of  longitude,  producing 
important  results  on  the  east  coast  of  Asia,  and  throughout  the 
vast  area  covered  by  islands,  banks,  and  coral  reefs  between  the 
main  land  of  Asia  and  the  south  of  Australia. 

103.  The  Equatorial  drift  current  thus  heaping  up  water  on  the 
western  verge  of  the  Pacific  continues  to  flow  westwards,  divided 
into  several  parts,  in  a  niunber  of  true  stream  currents,  some  of 
them  passing  into  the  Indian  Ocean,  and  becoming  partially  dis- 
sipated and  modified  by  the  south-east  passage  winds  that  prevail 
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between  lat.  12^  and  28^  south.  An  important  portion  of  the 
water,  however,  crosses  to  A&ica,  and  is  there  turned  aside,  pass* 
ing  between  the  island  of  Madagascar  and  the  coast,  and  at 
length  impinging  against  a  great  South  Atlantic  counter-current, 
when  the  water,  prevented  from  proceeding  southwards,  passes 
round  the  Cape  of  Gtood  Hope  over  the  Agulhas  Bank,  by  which 
it  is  lifted  above  its  former  level  and  brought  into  a  concution  to 
act  forcibly  on  the  waters  of  the  Atlantic.  The  velocity  of  this 
current  near  the  east  coast  of  Africa  varies,  but  is  veiy  consider- 
able, its  mean  rate  amounting  to  frt)m  18  to  28  miles  in  24  hours, 
but  reaching  sometimes  to  as  much  as  5\  miles  per  hour.  The 
breadth  of  the  current  is  also  very  considerable,  amounting  to 
from  90  to  100  miles  at  the  eastern  extremity  of  the  Agiilhas 
Bank,  where  it  is  also  very  deep.  A  great  part  of  this  current 
returns  eastwards  into  the  racific,  by  what  is  called  the  Southern 
connecting  current,  but  part  of  it  proceeds  into  the  Southern 
Atlantic  current,  and  so  into  the  main  Equatorial  stream  current, 
which  extends  westwards  for  3000  miles,  fit)m  the  coast  of  Africa 
to  Cape  St.  Boque,  the  north-easterly  extremity  of  South  America, 
and  then  north-westward  towards  the  Caribbean  Sea.  Its  breadth 
is  at  first  180  miles,  but  it  afterwards  widens  to  400  miles,  and 
ultimately  becomes  more  than  500  nules  across.  It  moves  with  a 
mean  velocity  of  about  30  miles  per  day,  varying,  however,  fit)m 
25  nules  in  winter  to  as  much  as  60  nules  in  summer,  between 
latitudes  16^  and  23°  west.     It  is  a  surface  current. 

104.  The  Equatorial  current  thus  conveys  into  the  Caribbean 
Sea  and  the  Gulf  of  Mexico,  by  the  southern  side,  an  immense 
volume  of  water,  which  is  discharged  by  the  channel  that  exists 
between  Florida  and  the  island  of  Cuba.  It  issues  thence  as  the 
Ghilf  Stream,  and  being  deflected  northwards  bv  the  islands  and 
reefs  of  the  Bahamas,  it  pours  a  vast  volume  of  water,  heated  to 
the  temperature  of  86°  Fahr.,  into  the  North  Atlantic  Ocean,  at 
an  average  rate  of  63  miles  per  day.  The  quantity  has  been  esti- 
mated as  more  than  three  thousand  times  that  discharged  by  the 
Mississippi,  and  the  current  is  bent  round  to  the  east  by  the  form 
of  the  American  coast  line  and  conveyed  across  the  Atlantic  with 
a  great  velocity  and  high  temperature,  gradually  but  veiy  slowly 
diminishing.  The  whole  course  taken  by  the  water  from  the 
Florida  coast  to  the  Azores  is  about  3500  miles,  which  is  per- 
formed in  78  days,  at  a  mean  rate  of  38  miles  per  day.  The 
stream  traverses  twenty  degrees  of  latitude  (from  23°  to  43° 
north),  and  completely  crosses  the  Atlantic. 

106.  "  The  maximum  temperature  of  the  Gulf  Stream  in  the  Strait  of  Florida 
is  86°  Fahr.,  or  about  9°  above  that  of  the  ocean  at  the  same  latitude.  At  10° 
farther  north  it  is  83°  to  84°,  having  lost  little  more  than  2°  in  this  space.    At 


MjLBIKE  CXJBBEKTS.  61 

63°  west  longitude  it  is  81°  in  summer,  and  nearlj&T  in  winter.  Fire  degrees 
fiirther  east  it  is  79°,  at  50°  west  longitude  it  is  77°.  Eive  degrees  more  to  the 
east  it  is  75°,  and  at  40°  west  longitude  it  is  nearly  74°.  Thus  the  temperature, 
like  the  velocity,  decreases  as  the  stream  progresses,  but  not  so  rapidly,  having 
lost  only  about  13°  in  3000  nules ;  and  even  when  it  turns  to  the  south,  and 
spreads  itself  over  the  ocean,  it  still  maintains  the  heat  of  summer.  It  cannot 
be  doubted  that  this  vast  expanse  of  warm  water,  from  8°  to  10°  above  the  tem- 
perature of  the  sea,  must  have  a  great  effect  in  mitigating  the  climate  of  the 
adjacent  countries.  A  simple  calculation  will  show  that  the  quantity  of  heat 
discharged  over  the  Atlantic  £rom  the  waters  of  the  G-ulf  Stream  in  a  winter 
day,  would  be  sufficient  to  raise  the  whole  column  of  atmosphere  that  rests 
upon  France  and  the  British  Islands  from  the  freezing  point  to  sununer  heat. 
It  is  the  influence  of  this  stream  upon  climate  that  nu^es  Ireland  the  Emerald 
Isle  of  the  sea,  and  clothes  the  shores  of  England  with  evergreen  robes ;  while 
in  the  same  latitude  on  the  other  side,  the  shores  of  Labrador  are  fiist  bound  in 
fetters  of  ice.  In  1831  the  harbour  of  St.  John's  Newfoundland  was  closed 
with  ice  in  the  month  of  June,  although  it  is  2°  fiurther  south  than  Liverpool ; 
and  the  influence  of  the  Ghilf  Stream  is  felt  in  Norway,  and  on  the  shores  of 
Spitzbergen*." 

106.  Two  currents  commence  on  the  eastern  verge  of  the  Gulf 
Stream ;  one  (Eennell*s  current)  running  northwards,  round  the 
interior  of  the  Bay  of  Biscay  to  the  western  coast  of  the  British 
islands,  at  a  velocity  varying  from  24  to  28  miles  per  day ;  the 
other  proceeding  southwards,  originating  opposite  the  coast  of 
France,  and  continuing  with  a  breadth  of  nearly  200  miles,  its 
rate  increasing  from  12  to  50  miles  a-day,  till  it  turns  eastward, 
along  the  coast  of  Guinea ;  after  which,  turning  again,  it  probably 
falls  into  the  main  Equatorial  current.  In  part  of  its  course  it 
presents  the  singular  phenomenon  of  two  great  oceanic  streams 
(this  and  the  Equatorial)  running  in  parallel  lines  and  almost  in 
contact,  but  in  exactly  opposite  directions. 

The  Arctic  current  of  the  Atlantic  sets  southwards  and  west- 
wards from  the  Arctic  Pole,  originating,  no  doubt,  in  a  drift 
current  produced  by  prevalent  winds ;  and  in  the  same  way  there 
is  an  Antarctic  Atlantic  current  proceeding  eastwards  from  Cape 
Hoom,  and  afterwards  turning  to  the  north.  There  are  also  some 
other  currents  of  considerable  importance,  the  most  interesting 
being  a  branch  from  the  Equatorial,  proceeding  south-westwards 
along  the  coast  of  South  America,  under  the  name  of  the  Brazil 
current. 

107.  It  appears,  by  careful  reference  to  the  currents  known  in 
various  seas,  that  the  phenomena  they  present  cannot  be  satis- 
factorily explained  by  a  mere  reference  to  prevalent  winds,  nor  are 
they  due  to  any  initial  force  urging  them  along  a  definite  course. 
They  are,  however,  beyond  a  doubt,  greatly  modified  by  the  actual 
configuration  of  the  continents,  and  would  be  influenced  by  any 

*  Johnston*!  Physical  Atlas,  Diy.  B.  i.  p.  4. 
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impoitant  change  in  the  magnitude  and  direction  of  islands  and 
shoals  in  their  vicinity.  Thus,  if  the  entrance  to  the  Caribbean 
Sea  or  the  exit  of  the  Gulf  of  Mexico  had  been  on  the  Pacific 
instead  of  the  Atlantic  side  of  America,  the  climate  and  tempera- 
ture of  the  Old  World  would  have  been  extremely  different  from 
that  which  we  now  experience ;  and  although  the  Atlantic  is  infi- 
nitely more  important  to  European  and  American  cUmates  than 
the  !racific,  still,  any  great  modification  of  the  latter  ocean  would 
not  be  without  marked  effect  on  the  land  all  over  the  world. 

H  at  any  former  period  of  the  earth's  history,  a  complete  barrier  had  existed 
to  the  entrance  of  the  Equatorial  current  into  the  C^bbean  Sea,  the  water 
might  possibly  have  been  driven  northwards  along  the  American  coast,  warming 
the  countries  of  North  America ;  while  the  Arctic  current,  if  slightly  turned 
aside  by  changes  in  the  position  of  the  land  near  G-reenhmd,  might  have  acquired 
an  easterly  du«ction,  bringing  down  ice-beigs,  and  even  ice-fields,  to  the  shores 
of  England  and  France. 

A  small  depression  of  the  land  in  Western  Europe  would  probably  be  ao- 
oompamed  by  a  great  change  of  climate,  but  the  nature  and  extent  of  the  change 
would  depend  on  movements  at  very  distant  points. 

It  must  be  observed,  however,  that  the  gyratory  movement  of  the  water  which 
crosses  and  recrosses  the  whole  breadth  of  the  Atlantic  Ocean  may  be  intimately 
oonnected  with  the  very  existence  of  the  Gulf  Stream,  and  it  is  difficult  to 
understand  the  nature  of  the  circulation  of  the  water  unless  it  performs  some 
such  course. 

108.  The  depth  of  the  great  oceanic  stream  currents  is  un- 
known, but  in  some  cases  it  is  certainly  not  less  than  60  or  70 
fathoms,  and  may  be  much  more*.  In  these  cases,  as  in  that  of 
the  tide  wave,  the  mechanical  effect,  especially  when  the  stream 
moves  with  any  degree  of  rapidity,  must  be  very  great  at  consider- 
able depths.  Owing  to  the  slow  rate  of  subsidence  in  deep  water 
of  small  particles  of  matter  not  having  a  much  greater  specific 
gravity  than  water,  it  is  certain  that,  over  the  whole  range  of  a 
great  current,  deposits  of  mud,  mingled  with  the  remains  of  marine 
vegetables  and  animals  in  aU  imaginable  degrees  of  admixture, 
may  be  in  the  course  of  formation,  even  where  the  surface  water  is 
dear,  and  the  open  sea  shows  but  little  organic  life,  either  vege- 
table or  animalt.  The  secrets  of  these  great  depths  are  not  likely 
to  be  revealed  for  thousands  or  tens  of  thousands  of  years,  but  in 
times  far  distant  they  may  be  laid  bare  by  the  upheaval  of  the 
ocean  floor,  and  by  land  produced  in  tracts  now  quite  unfathomable. 
The  result  will  then  have  to  be  judged  of  from  the  appearances 
presented;  but,  unless  the  future  naturalist  is  well  acquainted 
with  the  laws  that  now  govern  these  deposits,  he  wiU  argue  but 

*  Tlie  depth  of  the  Gulf  Stream  cannot  be  very  considerable  on  the  American  coast  since  the 
ioe-berga  are  drifted  across  it  by  the  cold  under-current. 

t  Mr.  Babbi^  ("  Economy  of  Manufactures")  has  observed  that  if  mud,  mechanically  sus- 
pended in  water,  sink  through  one  foot  of  water  in  an  hour,  it  will  be  carried  by  a  current  mo- 
ving at  the  rate  of  three  miles  an  hour  to  a  distance  of  1600  miles  before  it  has  sunk  to  the  depth 
of  600  feet. 
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very  imperfectly  concerning  the  history  of  what  will  be  to  him  the 
past.  The  laws  of  nature,  however,  in  these,  as  in  other  respects, 
are  ia  all  j^robability  unchangeable,  and  thus  we  are  right  in 
studyiog  existing  phenomena,  in  order  to  learn  the  history  of 
former  events,  and  the  early  condition  of  the  globe. 


CHAPTEE  V. 

ON  THE  EFFECT  PBOBUCED  ON  THE  EARTH'S  CRUST  BT 
CHANGES  OP  TEMPERATURE  AND  VARIOUS  ALTERATIONS 
OF  CLIMATE  AND  ATMOSPHERIC  CONDITION,  AND  BY  OR- 
GANIC AGENCY. 

109.  Ebom  changes  in  the  actual  state,  the  mechanical  con* 
dition,  and  the  mechanical  position  of  the  atmosphere  and  water, 
we  pass  on  now  to  discuss  how  fSar  these  changes  affect  the  more 
soUd  portion  of  the  earth,  or  in  other  words,  we  have  to  consider 
the  nature  and  effect  of  what  is  sometimes  called  atmospheric  and 
ctqueous  action.  These  can  only  be  measured  by  a  reference  to 
and  comparison  with  changes  nroduced  by  the  a<^on  of  known 
causes  duriag  a  definite  period,  and  the  consideration  of  these 
facts  has  led  to  the  establishment  of  a  school  of  observers  and  rea* 
soners,  inquiring  diligently  concerning  the  true  value  of  existing 
causes,  especially  when  acting  for  a  very  long  time  and  under 
favourable  circiunstances.  The  various  facts  of  this  kind  bearing 
on  the  earth's  history  having  been  set  forth  by  various  authors*, 
it  will  be  necessary  here  onljr  to  recapitulate  them  briefly  under 
distinct  heads,  referring  to  the  works  m  question  for  furtlier  de- 
tails. 

Another  part  of  the  same  subject  has  been  fairly  appreciated ; 
namely,  the  chemical  changes  tmit  take  place  as  well  during,  as 
subsequent  to  the  action  of  mere  mechanical  force ;  and  though 
perhaps  at  present  this  subject  is  not  fuller  ripe  for  discussion,  it 
wiU  be  usend  to  suggest,  both  to  the  chemist  and  geologist^  many 
facts  hitherto  unexplained.  The  present  chapter,  however,  will 
contain  only  an  account  of  the  mechanical  effect  of  the  changes 
already  spoken  of  as  occurring  in  the  condition  and  position  of  the 
air  and  water. 

*  See  Von  Hoffs  "  Gescbichte  der  durch  Ueberlief(»img  nachcrewiesenen  natflrlichen  Ver&nder* 
ungen  der  Erdoberfl&che.**  Gotha,  1824—1834.  ("  History  of  Natural  Changes  of  the  Earth's 
surface  as  proved  by  actual  obswation.")    See  also  Lyell's  Principles  of  Geology. 
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110.  The  following  scheme  will  show  the  nature  of  the  changes 
that  take  place  at  the  earth's  surfiEtce,  and  the  order  in  which  the 
yarious  lacts  are  described : — 

I. — Destructive  InflAnencet, 
Atmospheric  and  meteoric  action. 
By  diflintegration,  §  111. 
By  mechanical  force,  §  112. 
By  electric  discharges,  §  113. 
Aqueous  action. 

By  chemical  agency,  §  114. 
By  mechanical  force  directly. 

Of  running  water,  §  115, 116. 
Of  falling  water,  §  117. 

Of  sudden  torrents  of  water  and  mud,  118 — 121. 
Of  sea-waves,  §  122—126. 
By  mechanical  force  indirectly. 
By  undermining,  §  127, 128. 
Glacial  action. 

Destroying  rocks  by  frost,  §  129—131, 136. 
Transportmg  rocks  by  glaciers  and  icebergs 
into  yaUeys,  §  132. 
across  seas,  §  133 — 135. 

II. — Reproductive  or  Conservative  IwfUtences. 
By  matter  held  in  suspension  in  water. 

Deposited  in  river  courses,  §  138, 139. 

Deposited  in  lakes,  §  140. 

Deposited  along  lines  of  coast,  §  141 — 145. 
By  matter  held  in  solution  in  water,  §  146. 

ni. — Order  of  Arrangement  of  Deposited  and  IVansported  Material. 
Under  atmospheric  influence,  §  147. 
Under  the  action  of  running  water,  §  148. 
In  the  sea^  §  14^. 

IV. — Organic  If^Utenoes. 
In  association  with  yarious  inorganic  materiab,  §  150. 
As  forming  distinct  rocks,  §  15(>~153. 

111.  The  destructive  action  of  the  atmosphere  is  not  generally 
manifest,  except  in  the  disintegration  of  exposed  rocks,  into  whicn 
water  penetrates,  and  in  which,  owing  to  conditions  of  climate, 
this  water  occasionally  cools  down  rapidly,  below  the  temperature 
of  its  extreme  contraction.  Such  action  is  seen  either  in  high 
mountainous  districts,  where  peaks  of  naked  rock  are  exposed 
daily  to  great  alterations  of  temperature,  or  where  certain  very 
decomposable  rocks  are  exposed  at  the  surface.  The  subjoined  dia- 
gram (fig.  3)  will  give  some  idea  of  the  grotesque  forms  assumed 
by  granite  in  the  latter  case ;  but  both  in  this  rock,  and  in  many 
limestones,  sandstones,  and  slates,  the  degradation  extends  for  a 
considerable  depth  below  the  surface,  a  result  that  may  be  due  to 
the  penetration  of  water  containing  acids.     Occasionally,  indeed, 
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a  decomposed  rock  baa  been  subsequently  reconsolidated  by  the 
infiltration  of  water  holding  carbonate  of  lime  or  iron,  and  some- 
times tbere  are  presented  curioua  and  regular  forms,  into  wbich 
the  surface  bas  been  hollowed. 

Pig.  3. 


BegndAliod  of  Grajiitfl  h  J  Atnuwphenc  ExpoflOTQ, 

112.  Tbe  winds  occasionally  modify  the  surface,  especially  in 
pnshing  forward  hillB  of  loose  sand  on  exposed  coasts,  and  in 
es  there  is  usually  a  elope  and  a  steep  side 
k  tbe  annexed  diagram  (fig.  4),  where  tbe 

Fig.  4. 

wind  is  supposed  to  have  blown  from  a  towards  h,  first  puabmg 
tbe  sand  up  tbe  slant  side  of  tbe  bill,  and  then  pushing  it  over 
from  btoe,  after  which  it  is  again  pusbed  up  in  a  similar  way  to 
the  summit  of  a  nest  hill,  and  so  on.  Where  this  kind  of  motion 
is  pretty  constant,  the  total  advance  per  annum  haa  been  known  to 
amount  &om  60  to  70  feet,  and  many  parts  of  tbe  coasts  of 
England,  Holland,  Fielders,  France  and  Portugal,  present  in- 
stances of  villages  that  are  almost  or  entirely  submerged  by  such 
advance  and  encroachment  of  sand. 

Indurated  dunes  exist  in  New  HoUand,  at  Giiadaloupe,  in  Ma- 
deira, and  other  places,  where  water  charged  with  carbonate  of 
lime,  iron,  or  peniaps  sUica,  has  hardened  the  loose  aandj  and 
aometimea  the  roots  of  a  plant  (most  commonly  tbe  Arvndo  arena- 
ria)  bind  together  the  sand  into  a  firm  mass,  which  is  then  no 
longer  drifted. 

lliere  is  proof  of  tbe  advance  of  dunes  on  tbe  coast  of  Sp^, 
off  Cape  Finisterre,  to  tbe  extent  of  about  16  miles  in  half  a  cen- 
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tuiy,  Bhowiag  an  average  rate  of  upwards  of  560  yards  per  annum ; 
but  this  is  an  extreme  case. 

113.  Oocasionally  rocks  haye  been  altered  by  electric  dlBchftrges,  either  oe- 
menting  sand  by  absolute  fusion,  in  consequence  of  the  presence  of  potash,  or 
splitting  off  and  remoying  large  solid  fragments.  Loose  sand  is  the  chief  rock 
acted  on  in  the  first-mentioned  manner,  and  the  results  hare  been  not  a  little 
curious.  The  depth  to  which  the  fusion  £rom  the  electric  spark  has  extended, 
is  in  some  places  more  than  30  feet,  and  the  thickness  of  the  vitrified  walls  of 
the  tube  produced  as  much  as  ^th  of  an  inch.  These  tubes,  thus  formed  of 
fused  sand  or  glass,  and  called  fidguritesy  are  generally  compressed,  furrowed 
in  the  direction  of  their  length,  and  about  2  or  3  inches  m  circumference.  They 
are  often  forked,  and  sereral  haye  been  observed  within  a  small  area. 

*'  At  Funzie,  in  Fetiar,  about  the  middle  of  the  last  century,  a  rock  of  mica- 
schist,  105  feet  long,  10  feet  broad,  and  in  some  places  4  feet  thick,  was  in  an 
instant  torn  by  a  flash  of  lightning  from  its  bed,  and  broken  into  three  large, 
and  several  smaller  fi'agments.  One  of  these,  26  feet  long,  10  feet  broad,  and 
4  feet  thick,  was  simply  turned  over.  The  second,  which  was  28  feet  long,  17 
feet  broad,  and  5  feet  in  thickness,  was  hurled  across  a  high  point,  to  the  di- 
stance of  50  yards.  Another  broken  mass,  about  40  feet  long,  was  thrown  still 
farther,  but  m  the  same  direction,  quite  into  the  sea.  There  were  also  many 
smaller  fragments  scattered  up  and  down*." 

114.  The  action  of  water  on  rocks  may  take  place  either  by- 
actual  solution  or  decolnposition ;  or  by  loosening  the  cohesive 
force  of  the  particles,  and  allowing  them  to  disintegrate ;  or  lastly, 
and  chiefly,  by  acting  mechanically  upon  them,  removing  portions 
to  a  distance,  rubbing  and  rolling  them  one  against  another.  The 
mechanical  action  may  take  place  either  by  the  mere  weight  of 
water ;  by  friction,  when  water  moves  over  an  exposed  surface,  as 
in  rivers ;  by  the  acquired  momentum  of  waves  of  translation,  as 
in  tidal  action  or  marine  currents ;  by  impact,  or  the  falling  of 
water  from  a  height,  as  in  waterfalls ;  or  lastly,  by  undermining, 
as  when  a  soft  bed,  which  forms  the  support  oi  overlying  rocks,  is 
eaten  away  by  the  water,  and  the  overlymg  mass  is  brought  down 
by  the  action  of  its  own  gravitation,  its  support  being  removed. 

The  solvent  power  of  water  is  exercised  in  every  case  where 
that  fluid  penetrates  rocks,  whatever  the  circumstances  may  be, 
and  is  greatly  assisted  by  the  presence  of  carbonic  acid,  ammonia, 
and  other  substances,  wfiich  very  soon  become  mixed  with  it.  On 
all  the  soluble  salts,  on  many  earths,  and  especially  on  limestone, 
the  eflect  is  very  manifest,  and  in  the  latter  case  is  often  seen  in 
large  caverns,  first  hollowed  out,  and  then  partially  filled  up,  owing 
to  the  presence  of  water  containing  carbonic  acid.  "Water,  issuing 
from  deep  sources  at  a  high  temperature,  acts  much  more  readily 
and  extensively  than  when  pure  and  cold. 

115.  The  action  of  running  water  is  seen  in  streams  of  all  kinds, 
whether  with  or  without  rapids  and  waterfalls,  and  in  these  cases 

*  Rev.  6.  Low,  quoted  in  Lyell's  "  Principles,"  seventh  edition,  p.  284. 
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^e  have  generally  not  only  the  action  of  the  water,  but  also  that 
of  sand  and  other  materials,  conyeyed  along  by  it ;  and  thus  the 
obstacles  presented  in  the  river  course,  and  fipequently  the  banks 
themselves  of  the  stream,  are  worn  and  washed  away  with  extra- 
ordinary rapidity.  Eiver  courses  are  also  sometimes  swept  out 
and  modified  in  their  progress  to  the  sea,  long  after  they  have  left 
the  high  ground,  and  while  traversing  nearly  level  plaias,  this 
being  effected  by  the  union  of  several  streams  into  one  principal 
channel,  and  the  contraction  of  a  multitude  of  smaller  and  shal- 
lower feeders  into  one  river,  having  a  much  smaller  sectional  area 
than  the  sum  of  those  of  the  different  streams,  and  therefore  run- 
ning with  greater  rapidity.  The  mechanical  force  of  every  river- 
current  is  constantly  exerted  in  pushing  forwards  detrital  and 
fragmentary  matter  that  has  been  introduced  from  without,  and  at 
the  same  tune  a  constant  deposit  is  taking  place  in  the  river  bed, 
which,  if  left,  will  ultimately  choke  up  the  original  channel,  and 
force  the  river  to  acquire  a  new  one. 

116.  Among  examples  of  the  eroding  action  of  running  water. 
Sir  C.  Lyell*  mentions  the  recent  excavations  by  the  Simeto,  one 
of  the  principal  rivers  of  Sicily,  whereby  a  passage  has  been  opened 
through  a  lava  current  in  the  course  of  about  two  centuries,  mea- 
suring from  50  to  several  hundred  feet  wide,  and  in  some  parts 
from  4)0  to  50  feet  deep.  This  lava  is  in  no  part  porous  or  scoria- 
ceous,  but  consists  of  a  compact  homogeneous  mass  of  hard  blue 
rock.  In  soft  rocks,  as  on  the  flanks  oi  Vesuvius,  where  torrents 
descend  the  mountain  side  after  heavy  rain,  instances  are  on  record 
of  a  passage  25  feet  wide  having  been  cut  in  three  days,  and  other 
similar  instances  are  well  known. 

117.  The  effect  of  a  fall  of  water,  either  directly  or  by  under- 
mining soft  strata,  is  often  traceable,  but  perhaps  nowhere  to 
greater  advantage  than  in  the  great  Falls  of  Niagara. 

"  The  riyer  Niagara  evidently  once  flowed  in  a  shallow  yalley  across  the  whole 
platform  between  the  great  lakes  Erie  and  Ontario,  from  the  present  site  of  the 
Falls  to  the  escarpment  called  the  Queenstown  heights,  and  the  river  has  been 
slowly  eating  its  way  backwards  through  the  rocks  for  the  distance  of  seven 
miles.  The  bomidary  cliffs  of  the  ravine  are  usually  perpendicular,  and  in 
many  places  imdermined  on  one  side  by  the  impetuous  stream.  The  upper- 
most rock  of  the  table-land  at  the  Falls  consists  of  hard  limestone,  about  90 
feet  thick,  beneath  which  lie  soft  shales  of  equal  thickness,  continuaQy  imder- 
mined by  the  action  of  the  spray,  which  rises  from  the  pool  into  which  so  large 
8  body  of  water  is  projected,  and  is  driven  violently  by  gusts  of  wind  against 
the  base  of  the  precipice.  In  consequence  of  this  action,  and  that  of  frost,  the 
shale  disintegrates  and  crumbles  away,  and  portions  of  the  incumbent  rock 
overhang  40  feet,  and  often,  when  unsupported,  tumble  down ;  so  that  the 
FaUs  do  not  remain  absolutely  stationary  at  the  same  spot,  even  for  half  a 
oenturyt." 

*  Lydl's  "  Principles/*  ante  eit.,  p.  201.  t  lb.  p.  803. 
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A  Bomewliat  Bimilar  condition  to  that  above  described,  is  repre- 
Beated  in  fig.  5,  which  UluBtratea  the  mode  ia  which  falling  water 
deetroyB  and  eata  out  hard  rock,  leaving  a  projecting  ledge,  which, 
however,  is  constuitly  being  removed  and  as  often  replaced. 

118.  The  power  of  running  water  ia  removing  stones  is  well 
seen  when  the  usual  rate  of  motion  of  river-currents  is  greatly 

g  accelerated  in  consequence  of  some 

_'    '  temporary  flood.    Such  an  instance 

occurred  m  Scotland  in  1829,  where 
I   the  whole  length  of  rivers  flooded 
mh  could  not  have  been  less  than  500 
y  miles,  and  when  38  bridges  sxid  a 
^  vast  number  of  farms  and  hamlets 
%  were  totally  obliterated.    A  detailed 
in  account  of  these  floods  was  pub- 
lij''  lished  by  Sir  T.  Sick  Lauder,  in 
1830,  and  preaents  many  remark- 
AciMm  of  Fmuing  WMer  on  H»id  Roqk.    able  examples  of  the  force  eierted 
by  rapidly  moving  water,  loaded  with  fragments  which  it  had 
already  torn  &om  their  origin^  position.    luacaserecori^dhyMr. 
CuUey  in  the  Proceedings  of  the  Geologic^  Society  (vol.  i,  p.  149), 
heavy  rains  falling  durins  three  days  of  August  1827  swelled  to 
an  unusual  height  a  small  rivulet  which  flows  at  a  moderate  decli- 
vity irom  the  eastern  watershed  of  the  Cheviot  Hills,  and  caused 
it  not  only  to  transport  enormous  accumulations  of  several  thou* 
sand  tons  weight  of  gravel  and  sand,  but  also  to  carry  away  a 
bridge  then  in  progress  of  building,  some  of  the  arch-stoues  of 
which,  weighing  from  half  to  three  quarters  of  a  ton  each,  were 
propelled  two  miles  down  the  rivulet. 

On  the  same  occasion,  the  current  tore  away  fi^m  the  abutment 
of  a  mill-dam  a  large  block  of  greenstone-porphyry,  weighing 
newly  two  tons,  and  transported  the  same  to  the  distance  of  a 
quarter  of  a  nule.  Instances  are  related  as  occurring  repeatedly, 
in  which  from  1000  to  3000  tons  of  gravel  have  been  in  Gke  man- 
ner removed  to  great  distances  in  one  day ;  and  the  author  asserts, 
that  whenever  400  or  500  cwt-loads  of  this  gravel  are  taken  away 
for  the  repair  of  roads,  one  moderate  flood  replaces  the  amount  of 
loss  with  the  same  quantity  of  rounded  debris. 

119.  Freshets,  or  periodical  floods  of  small  extent,  occur  in  many 
rivers,  and  produce  considerable  results ;  large  quantities  of  de- 
tritus and  deposits  of  larger  kind  than  mere  river  eitt  being  carried 
forwards  to  a  distance,  and  at  length  removed  into  the  sea.  It  has 
been  observed,  that  during  freshets,  a  river  tends  chiefly  to  widen 
its  bed,  without  greatly  oeepening  it,  for  the  aquatic  plants,  the 
silt  and  the  gravel,  are  not  swept  away,  but  rather  defend  the 
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bottom  of  the  river ;  while  on  the  contrary,  the  banks  are  exposed, 
and,  as' well  as  the  lowlands  on  each  side,  are  frequently  washed 
away. 

120.  Torrents  are  often  produced  after  floods  and  freshets,  where 
the  water  is  dammed  up  for  a  time,  and  then  breaks  through  all 
obstacles.  Examples  have  often  been  quoted,  and  one  of  great 
extent  which  occurred  in  1818  in  the  Vallais  (Switzerland),  is  a 
good  instance  of  the  rapidity  with  which  causes  of  this  kind  act. 
In  this  case,  a  lake  contauiing  800,000,000  cubic  feet  of  water  was 
formed  in  winter,  the  water  being  held  back  in  a  vaUey  by  rocks 
and  masses  of  ice,  conveyed  chiefly  by  avalanches.  The  lower 
part  of  the  embankment  thus  formed,  was  partly  undermined,  and 
a  large  quantity  of  water  flowed  through  it,  although  not  enough 
to  drain  the  lake ;  so  that  when  the  warm  weather  came,  the  whole 
barrier  gave  way,  and  the  waters  were  all  discharged  in  half  an 
hour.  The  torrent  reached  the  Lake  of  Geneva  (a  distance  of 
forty-five  miles)  in  six  hours  and  a  half,  and  the  destruction  caused 
by  it  involved  every  house,  tree,  or  other  object  in  the  way.  Other 
instances  have  frequently  occurred,  by  wMch  whole  villages  have 
been  entirely  swept  away ;  and  as  there  are  many  instances  in 
which  bodies  of  water,  many  thousand  times  greater  than  the 
largest  of  these,  are  now  above  the  general  level  of  much  sur- 
rounding land,  debacles  of  the  same  kind,  and  of  enormously 
greater  extent,  may  be  looked  for  at  some  future  time,  and  may 
have  happened  in  former  ages. 

The  vast  depression  of  the  Aralo-Caspian  sea  may  one  day  be 
filled  up  by  a  rush  of  water  coming  in  from  the  Mediterranean, 
and  the  smaller  but  much  deeper  hollow  of  the  Dead  Sea  may  also 
hereafter  be  a  scene  of  destruction  from  water,  as  we  are  told  it 
was  once  by  fire. 

Besides  these  torrents  of  water,  others  occur  from  time  to  time, 
in  which  mud  is  poured  out  from  some  concealed  lake  beneath  a 
turf  bog,  or  from  some  volcanic  vent.  Examples  have  occurred  of 
the  first  kiud  in  Ireland,  in  the  valley  of  the  Arve,  and  elsewhere ; 
and  of  the  latter  kind  in  Java  and  Peru.  They  are  referred  to  in 
another  paragraph  (§  159). 

121.  Currents  of  water  necessarily  produce  results,  the  more  disastrous  as  the 
slope  of  their  course  is  greater ;  but  it  need  not  be  supposed  that  this  slope  must 
be  considerable  to  cause  a  mischievous  torrent.  The  most  rapid  streams  haying 
a  continuous  bed  not  broken  by  rapids  offer  slopes  of  only  1°  or  2°,  and  yet  are  ca- 
pable of  conveying  along  blocks  nearly  half  a  yard  in  diameter,  and  many  rivers 
flow  rapidly  with  infinitely  smaller  inclinations,  navigable  streams  rarely  having 
a  slope  of  more  than  3'  to  4',  and  the  most  rapid  of  the  larger  European  rivers, 
the  Rhine  and  Rhone,  presenting  a  mean  of  from  V  to  2',  while  in  some  parts 
they  only  run  on  a  slope  of  4"  to  8".  These  data  are  important  for  comparison, 
for  we  may  thus  see  the  prodigious  result  that  would  be  produced  on  more  con- 
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siderable  slopes,  or  eren  by  a  greater  depth  of  water,  since  in  the  latter  case  the 
friction  on  the  sides  and  banks  would  be  diminished*. 

122.  "We  come  next  to  the  action  of  the  sea,  which  is  partly 
undermining,  but  chiefly  consists  of  the  direct  effect  of  waves  beat- 
ing against  exposed  shores.  The  action  of  the  tide-wave  is  alter- 
nating, for  it  both  advances  and  recedes,  destroying  as  it  advances, 
and  carrying  away  the  debris  as  it  recedes.  The  waves  of  currents 
act  only  in  one  direction,  continually  beating  against  the  same 
obstacles,  and  removing  the  fragments  frequently  to  a  considerable 
distance  in  the  direction  of  their  course;  and  thus  when  tidal  action 
and  that  of  marine  currents  are  combined,  they  are  likely  to  pro- 
duce marked  results,  the  joint  action  being  very  great.  Currents 
are  frequently  produced  by  tidal  action  in  confined  seas,  and  in  seas 
where  Siere  i^  xnaay  islLds,  especially  if  the  depth  of  water  is 
great. 

123.  It  is  not  easv  to  estimate  the  true  extent  of  the  action  of  the  tide-wave 
beneath  the  surface,  but  its  effect  between  high  and  low  water  has  been  frequently 
noticed  and  recorded.  Sir  H.  De  la  Beche,  in  his '  Manual,*  has  mentioned  sereral 
instances  on  the  British  shores,  where  the  tidal-ware  would  seem  not  to  disturb 
shoals  at  even  moderate  depths  f ;  but,  on  the  other  hand,  M.  Siau  has  observed 
tidal  action  in  the  bay  of  St.  Paul's  (Isle  of  Bourbon)  at  a  depth  of  622  feet, 
on  a  bed  of  sand  and  basaltic  gravelj.  It  is  not  xmlikely  that  the  greatest  effect 
is  produced  where  the  tide^wave  has  been  least  interfered  with  by  the  form  of 
the  land. 

Fresh  water  moving  with  a  velocity  equivalent  to  a  nule  and  a  half  per  day,  is 
said  to  be  sufficient  to  tear  up  fine  clay;  a  velocity  about  six  times  as  great,  or 
about  eight  miles  and  a  half  per  day,  remoyes  fine  sand ;  seventeen  miles  per  day 
removes  fine  gravel ;  and  fifty  miles  per  day,  or  little  more  than  two  miles  per 
hour,  carries  along  angular  stones  of  ordinary  kind  nearly  as  large  as  an  egg. 
These  of  comrse  are  the  rates  of  motion  which  the  water  must  have  at  the  bottom 
of  a  stream,  where  the  friction  is  considerable.  The  rate  of  a  stream's  motion  at 
the  Bwrfaoe  is  very  much  greater  than  at  the  bottom,  but  this  is  not  the  case  when 
water  is  moved  along  in  a  wave  of  translation,  the  velocity  being  then  greater  in 
deep  water  than  at  the  surface.  According  to  Matthew  White,  the  bed  of  the 
British  Channel  is  disturbed  during  gales  at  depths  of  63—67  fiithoms,  and  at 
30  fathoms  deposits  are  often  made  and  removed§. 

124.  The  effect  of  aqueous  action  is  well  seen  on  many  parts  of 
the  Atlantic  coast  of  Ilurope  and  America,  but  varies  greatly  in 
extent  according  to  the  nature  of  the  exposed  shore.  Thus,  when 
the  waves  come  in  upon  a  flat  and  gradually  shelving  coast,  without 
impediments,  the  effect  is  rather  to  contnbute  new  deposits  than 
to  remove  those  which  already  exist.  When  there  is  an  exposed 
cliff,  the  rocks  being  horizontal,  but  the  lower  ones  not  much  harder 
than  the  upper  (fig.  7),  the  cliff  is  undermined,  and  the  debris  are 
carried  away  eveiy  tide,  so  that  the  work  of  destruction  goes  on 


*  See  Beudant's  "  Geologie,"  p.  70. 

t  Geological  Manual,  third  edition,  1833,  p.  110. 

An.  de  Physique  for  1841,  second  series,  vol.  ii.  p.  118. 

Darwin's  South  America,  p.  23. 
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veiy  rapidly.    This  is  the  case  remarkably  on  the  east!  coast  of 
England,  where  many  viUi^B  have  disappeared,  and  broad  tracte 
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of  the  coast  removed,  even  where  the  clifis  are  not  less  than  300 
feet  in  height.  Under  circuinstaiic«B  apparently  less  favourable, 
and  where  the  rocks  incline  inland,  aa  represented  in  the  other 
part  of  the  same  diagram  (fig.  6),  the  same  thing  must  necessarily 
nappen ;  for  the  upper  rocks  losing  their  support  will,  after  a  time, 
&11  into  the  sea,  even  if  not  assisted,  as  is  gener^y  the  case,  by 
the  action  of  the  atmosphere  and  frost  during  winter. 

12S.  It  occasionally  happens,  however,  as  in  the  case  represented 
in  fig.  8,  that  the  debris  produced  at  first  by  the  action  of  the  waves 

Fig.  &  Fig.  ft 


„„^|S™°*  ^'  ^''^'  '""^  NeedlB  on  Uw  Cout  of  Fcuce. 

accumulate  at  the  base  of  a  cliff,  and  form  a  natural  rampart  pre- 
venting farther  destruction.  It  is  this  condition  that  is  frequently 
imitated  by  engineers  when  they  desire  to  prevent  further  en- 
croachments of  the  sea  on  an  exposed  coast*. 

*  EBUapladttbedutnutinfoneof  tbewlTnu■■inBlBgIaltdel>il[IlLJdl'>"Prla■ 
elplH,"  ilmdi  man  Ihu  once  quoted  !>nd  the  gnod  unit  of  uctifEtioBtiHiUrnd  OB 
in  Ibt  work  publuhed  bj  Mi  H.  T.  De  1»  Beche  nnder  Ih*  ttlle  "  How  to  Oboerre    OoiiogT" 
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126.  The  effect  of  this  constant  abraaion  on  exposed  coasts  ie  Been 
also  in  the  eating  out  of  caverns,  the  formation  of  natural  bridges 
by  the  removal  of  the  lower  parts  of  projecting  headlands,  and  the 
actual  aeparation  of  promontories  from  the  mmn  land,  thus  forming 
islands  uid  isolated  needles  and  pinnacles.  Such  a  case  ia  exem- 
plified in  fig.  9,  where  peculiar  forms  are  represented,  into  which  the 
chalk  of  the  Normandy  coast  has  been  worn ;  and  other  cases  are 
well  known,  as  for  instance  the  "  Needles,"  also  of  chalk,  at  the 
western  extremity  of  the  Isle  of  "Wight,  and  those  at  Flamborough 
Head.  !EIsewhere  much  hurder  and  tougher  rocks  have  been  acted 
on,  as  shown  in  fig.  10,  where  very  strSdng  and  picturesque  ap- 

Karancea  are  represented.     The  following  account  of  these  by 
e.  Hibbert,  from  his  description  of  the  Shetland  Islands,  will  he 
found  interesting  and  instruetive. 

"  The  moat  sublime  scene  is  where  a  mural  pile  of  porphyry, 
escaping  the  process  of  disintegration  that  is  devastating  the  coast, 
appears  to  have  been  left  as  a  sort  of  rampart  against  the  inroads 
of  the  ocean ;  the  Atlantic,  when  provoked  by  wintry  gales,  batters 
against  it  with  all  the  force  of  real  artillery,  the  waves  having,  in 
their  repeated  assaults,  forced  for  themselves  tm  entrance.  This 
breach,  named  the  Grind  of  the  Navir  (fig.  10),  is  widened  eveir 
winter  by  the  overwhelming  surge,  that  finding  a  passage  through 
it  separates  large  stones  from  its 
sides,  and  forces  them  to  a  distance  ^"S-  ^''■ 

of  no  less  than  180  feet.  In  two 
or  three  spots  the  fragments  which 
have  been  detached  are  brought 
together  in  immense  heaps,  that 
appear  as  an  accumulation  of  cu- 
bical masses,  the  product  of  some 


fluence  of  tides,  and  the  currents 
derived  from  and  connected  with 
them,  is  sometimes  very  consider- 
able, and  is,  of  course,  chiefly  ex- 
erted in  modif;nng  the  coast  line. 

127.  Landsfips  afford  other  ex-       Grind  of  th.  n.™.  p««g.ft™dbr 
Mnples  of  the  action  of  water,  and  the  Su  Ummgh  Hock,  of  hud  Pw. 

an  extraordinary  instance  occurred  '*'''''' 

on  the  24th  of  December,  1839,  on  the  coast  between  Lyme  Hegis 
and  Axmouth,  which  has  been  described  by  the  Eey.  W.  D.  Cony- 
beare,  and  to  which  the  annexed  diagram  refers.  The  tracts  of 
downs  ranging  there  along  the  coast  is  capped  by  chalk  (h)  which 

*  Dr.  HLbbcrtt  p.&38,  quote   in  L^oU't  "Prindpla-'* 
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resta  on  sandatone,  alternating  with  chert  (i),  beneath  which  is 
more  than  100  feet  of  loose  sand  (i),  with  concretions  at  the  bottom, 
and  belonging,  like  »;  to  the  green  sand  formation ;  the  whole  of 
the  above  masses,  A,  i,  k,  reposing  on  retentive  beds  of  clay  (f) 
belonging  to  the  lias,  which  shelves  towards  the  aea.  Numerous 
springs  issuing  from  the  loose  sand  (A)  have  gradually  removed 
portions  of  it,  and  thus  undermined  the  superstratum  so  as  to  have 
caused  subsidences  at  former  times,  and  to  have  produced  a  line  of 
undercliff  between  D  and  E.  In  1839  an  excessively  wet  season 
had  saturated  all  the  rocks  with  moisture,  so  aa  to  increase  the 
Fig.  11. 
LudiUpneuAxiaoBlb,  Dec.  isap. 


A       Tract  of  downs  at  their  original  levd. 

B       New  ravine. 

C,  n  Sunk  and  fractured  strip  united  to  A  before  tlie  conTolaioa. 

n,  B  Bendon  onderdiff  aa  tiefbre,  but  more  fiasured,  and  thrust  fomard  abont 

60  feet  towards  the  sea. 
V       Pjramidal  crag  euuk  &om  TO  to  20  feet. 
O        Bew  reef  upheaved  from  (he  »e«. 

weight  of  the  incumbent  mass,  from  which  the  support  had  already 
been  withdrawn  b^  the  action  of  springs.  Thus  the  superstrata 
were  precipitated  into  hollows  prepared  for  them,  and  the  adjacent 
masaes  of  partially  imdermined  rock,  to  which  the  movement  waa 
communicated,  were  made  to  slide  down  on  a  alippery  basis  of 
watery  sand  towards  the  aea.  These  causes  gave  rise  to  a  convul- 
sion, which  began  on  the  morning  of  the  24th  of  December,  with  a 
crashing  noise ;  and  on  the  evenmg  of  the  same  day  fisaurea  were 
seen  opening  iu  the  ground,  and  the  walla  of  tenements  rending 
and  sinking,  until  a  deep  chasm  or  ravine,  B,  was  formed,  ex- 
tending nearly  three-quarters  of  a  mile  ia  length,  with  a  depth  of 
&om  100  to  150  feet,  and  a  breadth  exceeding  240  feet.  At  the 
bottom  of  this  deep  ^If  lie  fragments  of  the  original  surface  thrown 
together  in  the  wildest  confrision.  In  consequence  of  lateral 
movements  the  tract  intervening  between  the  new  fissure  and  the 
sea,  including  the  ancient  undendif,  was  fractured,  and  the  whole 
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line  of  sea-cliff  carried  bodily  forwards  for  many  yards.  A  remark- 
able pyranudal  crag,  P,  which  lately  formed  a  distinguishing  land- 
mark, has  sunk  from  a  height  of  about  70  to  20  feet ;  and  the  main 
diff,  E,  before  more  than  50  feet  distant  from  this  insulated  crag, 
is  now  brought  almost  close  to  it.  This  motion  of  the  sea-cHfT  has 
produced  a  mrther  effect,  which  may  rank  among  the  most  striking 
phaBnomena  of  this  catastrophe.  The  lateral  pressure  of  the  de- 
scending rocks  has  urged  the  neighbouring  strata,  extending 
beneath  the  shingle  of  the  shore,  hj  their  state  of  unnatural  con- 
densation, to  burst  upwards  in  a  hne  parallel  to  the  coast ;  thus 
an  elevated  ridge,  Q-,  more  than  a  mile  in  length,  and  rising  more 
than  40  feet,  covered  by  a  confused  assemblage  of  broken  strata 
and  immense  blocks  of  rock,  invested  with  sea-weed  and  corallines, 
and  scattered  over  with  shells  and  star-fish,  and  other  productions 
of  the  deep,  forms  an  extended  reef  in  front  of  the  present  range 
of  cliffs*." 

128.  Another  example  of  the  undermining  action  of  water  was 
afforded  by  the  remarikable  ML  of  the  Eossberg,  in  Switzerland, 
which  took  place  in  1806,  afber  a  very  rainy  season.  In  this  case 
much  clayey  matter,  which  served  as  a  cementing  medium  of  the 
pebbles  and  boulders  of  which  the  mountain  is  formed,  was  washed 
away,  and  a  mass  measuring  nearly  eighty  millions  of  cubic  yards 
was  precipitated  into  the  vs3ley,  forming  hills  nearly  200  feet  high, 
and  burying  several  villages.  Landslips  have  occurred  of  late  years 
in  England  of  the  same  nature,  though  not  to  so  great  an  extent. 

129.  In  addition  to  the  direct  action  of  water  in  disturbiag  the 
existing  condition  of  the  earth's  surface,  there  is  another  and  no 
less  influential  way  in  which  it  acts,  in  climates  or  at  elevations 
where  the  temperature  frequently  descends  below  the  freezing-point 
of  water.  In  moimtain  districts  where  there  are  sheltered  valleys, 
large  masses  of  ice  often  accumulate  and  descend  far  below  the  level 
of  perpetual  snow,  conveying  with  them  vast  quantities  of  detritus 
either  to  the  valley  into  which  they  open,  or  if  near  the  coast,  quite 
into  the  sea.  In  the  former  case  their  transporting  power  is  soon 
brought  to  a  close,  but  m  the  latter  they  may  then  commence 
journeys  of  many  hundred,  or  even  thousand  miles,  conveyed  along 
by  the  marine  currents  which  set  from  the  cold  seas  into  those  of 
more  temperate  cHmates. 

The  phsBnomena  of  gladera  and  ieehergs — as  the  masses  of  ice 

are  designated  in  these  two  cases  respectively — ^are  exceedingly 

striking  and  very  influential  in  modifymg  the  general  surface  of 

the  land  in  temperate  climates ;  and  this  subject  having  important 

^  bearing  on  many  geological  inquiries,  deserves  serious  attention. 

130.  GHaciers  have  been  chiefly  studied  in  the  Alps,  where  a 

*  Dr.  Conybeare,  a«  quoted  in  Lydl's  "  Principles,**  7th  edit.  p.S07. 
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number  of  beautifiil  and  instmctive  examples  are  known,  and  where 
the  climate  is  sufficiently  moderate  to  allow  of  their  careM  and 
detailed  examination  with  comparative  convenience.  "  The  common 
form  of  a  glacier,"  says  Professor  J.  Eorbes,  speaking  of  these  Swiss 
examples  in  his  admirable  "Travels  through  the  Alps  of  Savoy," 
"  is  a  river  of  ice  filling  a  valley,  and  pouring  down  its  mass  into 
other  valleys  yet  lower.  It  is  not  a  frozen  ocean,  bnt  a  frozen 
torrent.  Its  origin  or  fountain  is  in  the  ramifications  of  the  higher 
valleys  and  gorges,  which  descend  amongst  the  mountains  per- 
petually snow-clad.  But  what  gives  to  a  glacier  its  most  peculiar 
and  characteristic  feature  is,  that  it  does  not  belong  exclusively  or 
necessarily  to  the  snowy  region  already  mentioned.  The  snow 
disappears  from  its  surface  in  summer  as  regularly  as  from  that  of 
the  rocks  which  sustaiu  its  mass.  It  is  the  prolongation  or  outlet 
of  the  winter-world  above ;  its  gelid  mass  is  protruded  into  the 
midst  of  warm  and  pine-clad  slopes  and  green-sward,  and  sometimes 
reaches  even  to  the  borders  of  cultivation.  The  very  huts  of  the 
peaaantiy  are  sometimes  mraded  bV  this  moving  ice,  aad  many 
persons  now  living  have  seen  the  frill  ears  of  com  touching  the 
glacier,  or  gathered  ripe  cherries  from  the  tree  with  one  foot 
standing  6n  the  ice*." 

131.  Glaciers  become  more  and  more  numerous  in  mountain 
districts  as  we  advance  from  the  temperate  zones  towards  the  poles, 
and  at  the  same  time  they  reach  gradually  nearer  the  sea-level,  till 
at  length  they  project  into  the  sea.  At  first  these  portions  enter 
a  sea  warmer  than  the  freezing-poiut  of  water,  and  are  either  en- 
tirely melted,  or  broken  off  and  floated  away  in  small  masses.  At 
length,  however,  as  the  quantity  of  ice  near  the  coast  and  the 
rapidiiy  of  its  motion  onwards  gradually  increases,  and  the  sea  also 
becomes  colder,  the  extent  and  thickness  of  the  glaciers  increase 
in  a  corresponding  degree,  until  they  almost  cover  the  land  near 
the  coast.  In  still  higher  latitudes  we  arrive  at  regions  where  the 
ice  projects  so  far  into  the  ocean,  and  to  such  enormous  depths, 
that,  in  spite  of  the  load  of  rocks  and  earth  also  conveyed,  the 
quantity  of  ice  beneath  the  surface  is  sufficiently  large  (ice  being 
specifically  lighter  than  even  fresh  water,  and  therefore  much 
hghter  than  that  of  the  sea)  to  overcome  the  cohesion  of  the  mass, 
and  it  then  breaks  and  floats  off  as  an  island.  There  are  thus  in 
cold  seas  two  kinds  of  ice — ^ice-fields  or  floes,  which  are  large,  flat, 
and  shallow  sheets  of  ice,  the  result  of  the  freezing  of  the  surface 
of  the  water  during  intense  cold,  and  the  deeper,  larger,  and  greatly 
loaded  masses  or  islands  called  icebergs. 

132.  The  surface  and  substance  of  glaciers  and  icebergs  always 
abound  with  fragments  of  rock,  which  are  of  various  sizes,  from  that 

*  ForbeB*8  TnyeU,  p.  Ip. 
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of  a  house  to  the  finest  mud  and  sand,  and  when  they  appear  in 
long  lines  in  the  direction  of  motion,  are  called  moraines.  The 
rocks  over  which  the  glacier  passes,  whether  on  the  mountain  side 
or  elsewhere,  are  usiially  rounded,  smoothed,  scratched,  and  in- 
dented ;  as  if  by  the  edges  of  blocks  of  hard  angular  stone  or  finer 
sand,  forcibly  dragged  along  under  enormous  pressure. 

133.  Gf^laciers  generally  terminate  by  a  nearly  yertical  wall, 
marking  the  thickness  of  the  tongue  of  ice  at  its  extremity.  In 
Switzerland  this  is  rarely  more  than  from  60  to  100  feet  in  height, 
but  in  arctic  climates  many  instances  haye  been  seen  where  the 
thickness  amounts  to  350  feet,  and  some  are  recorded  where  a  per- 
pendicular cliff  of  ice  rises  aboye  the  water-line  of  a  floating  mass 
to  the  height  of  150  feet,  and  therefore  whose  total  height  must 
haye  been  more  than  1000  feet.  The  magnitude  of  the  section  at 
the  water-line  is  also  sometimes  yery  considerable  in  the  case  of 
these  floating  masses  of  ice.  They  are  yery  firequently  from  600  to 
1200  feet  in  length,  and  of  about  half  that  breadth,  but  some  haye 
been  seen  measuring  between  flye  and  six  miles  in  one  direction. 

134.  "  Sooresbj  counted  500  of  these  bergs  drifting  along  in  latitudes  69**  and 
70°  north,  which  rose  above  the  surfiioe,  from  the  height  of  100  to  200  feet,  and 
measured  from  a  few  jards  to  a  mile  in  circumferenoe.  Manj  of  them  were 
loaded  with  beds  of  earth  and  rock  of  such  thickness,  that  the  weight  was 
conjectured  to  be  from  60,000  to  100,000  tons.  Specimens  of  the  rocks  were 
obtained,  and  among  them  were  granite,  gneiss,  mica-schist,  cbiy-slate,  granular 
felspar,  and  greenstone.  Such  bergs  must  be  of  great  magnitude ;  because  the 
mass  of  ice  below  the  lerel  of  the  water  is  about  eight  times  greater  than  that 
above.  Wherever  they  are  dissolved,  it  is  evident  that  the  '  moraine*  will  fall 
to  the  bottom  of  the  sea.  In  this  manner  may  submarine  valleys,  mountains, 
and  platforms,  become  strewed  over  with  gravel,  sand,  mud,  and  scattered  blocks 
of  foreign  rock,  of  a  nature  perfectly  dissimilar  from  all  in  the  vicinity,  and  which 


of  a  glacier ;  but  whenever  the  materials  are  under  the  influence  of  a  current  of 
water  as  they  fall,  they  will  be  sorted  and  arranged  according  to  their  relative 
weight  and  size,  and  will  therefore  be  more  or  less  perfectlv  stratified*." 

135.  The  icebergs  appear  to  be  conveyed  from  the  cold  shores  of  the  Arctic 
Ocean  by  a  current,  wHch,  proceeding  along  the  shores  of  Greenland,  approaches 
the  G-ulf  Stream  on  the  eastern  side  of  the  great  Bank  of  NewfoimdLiiid,  near 
latitude  44°  north,  and  between  longitude  45°  and  48°  west.  The  direction  of 
this  current  is  south-west.  Its  temperature  in  the  month  of  May  is  43°  to  47° 
Fahr.,  while  a  little  to  the  west  the  water  is  from  61°  to  63°  Fahr.  Another 
current  coming  along  the  coast  from  Labrador,  brings  icebergs  which  pass  by 
the  Straits  of  Belle  Isle,  within  350  miles  of  Quebec,  and  to  this  the  low  summer 
temperature  of  the  Ghilf  of  St.  Lawrence  is  due.  Thus  on  the  10th  of  Jidy,  the 
temperature  at  the  surface  being  50°  Fahr.,  that  at  50  fathoms  was  found  to  be 
below  34°,  and  still  further  to  the  south  at  Tadousac,  the  water  of  the  ocean  at 
a  depth  of  90  fathoms,  was  35°  Fahr.  At  the  junction  with  the  G-ulf  Stream, 
the  icebergs  for  the  most  part  diverge  towards  the  east,  but  some  cross  its 

•  Lyell'i  "  Prindplct,"  ante  cit.^.  838. 
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course,  which  had  a  mean  t>ieadth  of  280  miles,  anddeeoend  as  far  as  -38°  north 
hititude. 

Boulders  of  large  size  of  porphyritic  rock  (pegmatite),  gneiss,  &c.,  which  are 
supposed  to  have  been  oonvejed  by  floating  ice  from  the  antarctic  land,  have 
been  found  in  the  South  Shetland  Islands,  iniich  are  entirely  basaltic*. 

136.  Another  result  of  the  action  of  ice  is  mentioned  by  Sir 
Eoderick  Mnrchison  in  his  *  Geology  of  Eussia.'  He  says, 
"  Towards  the  mouth  of  the  Dwina,  and  about  110  versts  above 
Archangel,  a  white  carboniferous  Hmestone  (see  diagram  fig.  12) 


Bidgea  of  Blodu  on  the  Dwina. 

occupies  the  bank  in  horizontal  layers,  the  edges  of  which  are 
partially  covered  with  mud  and  sand.  The  limestone  is  best  seen 
when  the  water  is  low,  as  at  the  period  of  our  visit.  About  30 
feet  above  the  summer  level  of  the  stream,  the  terrace  on  the  river 
side  is  covered  for  two  or  three  versts  by  a  band  of  irregularly  piled, 
loose  and  large  angular  blocks  of  the  same  limestone,  arranged  in 
a  long,  uniform  ledge,  the  surface  of  which  slopes  both  to  the  river 
and  to  the  roadway,  so  that  the  view  of  the  stream  is  shut  out  from 
the  traveller  by  this  ledge.  In  other  words,  these  materials  (all 
purely  local)  constitute  a  broken  ridge  of  stones  between  the  road 
and  high-water  mark.  A  woodcut  will  best  explain  these  appear- 
ances (see  fig.  12),  showing  (a)  the  ancient  hillocks  of  sand  above 
the  road-terrace,  which  is  partially  covered  with  water  at  high 
inundations,  (h)  the  ridge  of  broken  limestone,  (c)  the  sloping 
river-bank.  The  occurrence  of  these  supra-riparial  ridges  of  an- 
gular blocks  in  situ  is  thus  explained : — When  the  Dwina  is  at  its 
mayinmiTn  height,  the  water  which  then  covers  the  edges  of  the 
thin  beds  of  horizontal  iLinestone  (d)  penetrates  into  its  chinks, 
and,  when  frozen  and  expanded,  causes  considerable  disruptions  of 
the  rock,  and  the  consequent  entanglement  of  stony  fragments  ia 
the  ice.  In  the  spring  the  fresh-swoUen  stream  iaundates  its  banks 
(here  very  shelving),  and  upon  occasions  of  remarkable  floods  so 
expands  that  in  bursting  it  throws  up  its  icy  fragments  to  15  or 
20  feet  above  the  highest  level  of  the  stream.  The  waters  sub- 
siding, these  lateral  ice-heaps  melt  away,  and  leave  upon  the  bank 
the  rifbed  and  angular  blocks  (5),  as  evidences  of  the  highest  ice- 
mark.  In  Lapland,  M.  Bohtlingk  has  adduced  some  extraordinary 
examples  of  this  sort  of  glacio-fluviatile  action ;  for  he  assures  us 
that  he  there  found  large  granitic  boulders,  weighing  several  tons, 

•  "  Voyage  of  the  BonUe,**  GMogie  et  Min^ralogie. 
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actually  entangled  and  suBpended  like  birde'  nests  in  the  branches 
of  pine-trees  at  heights  of  80  or  40  feet  above  the  summer  level  of 
the  streams*." 

137.  Among  the  results  of  that  kind  of  atmospheric  and  aqueous 
action  described  in  the  preceding  paragraphs  of  this  chapter  we 
may  mention,  1st.  the  rough  and  Droken  sur&ce  observable  in 
countries  where  naked  rocks  appear  at  the  surface ; — ^2nd.  the  soil 
derived  from  the  pounding  up  of  the  broken  fragments  in  other 
districts; — 3rd.  the  bold  and  scarped  appearance,  and  the  low, 
muddy,  or  shingly  tracts  observable  on  the  coast ; — 4th.  the  gra- 
dual silting  up  01  river  beds  and  lakes ; — ^in  the  former  case  alter- 
ing the  original  course  of  the  stream,  and  forming  a  new  one,  and 
in  the  latter  entirely  obliterating  the  lakes ; — 5th.  the  accumula- 
tion of  detritus  at  the  mouths  of  large  rivers,  and  the  formation  of 
oceanic  and  river  deltas ; — ^and,  6th.  the  distribution  of  large  quan- 
tities of  mud,  stones,  sand,  and  other  transported  material  on  the 
sea-bottom,  either  near  or  at  a  distance  from  the  land.  It  remains 
to  consider,  briefly,  the  extent  to  which  such  action  has  been 
traced  in  cases  not  yet  alluded  to,  and  to  observe  the  laws  accord- 
ing to  which  the  matter  deposited  seems  to  be  arranged. 

Enough  has  been  already  said  in  previous  paragraphs  concerning 
the  first,  second,  and  third  of  the  results  mentioned  above,  which 
are  chiefly  or  entirely  destructive,  and  what  now  remains  has  re- 
ference chiefly  to  the  silting  up  of  rivers  and  lakes,  and  the  form- 
ation of  deltas — these  being  the  reproductive  effects  of  aqueous 
action — ^and  to  the  arrangement  and  distribution  of  materials  thus 
accumulated. 

138.  We  have  first  to  take  into  account  the  actual  amount  of 
reproductive  effect  produced  by  running  water  in  some  particular 
cases  of  streams  and  lakes ;  and  here,  as  before,  we  cannot  do 
better  than  give  one  or  two  statements  carefrilly  compiled  from 
the  best  authorities,  and  refer  to  books  already  quoted  for  further 
and  more  detailed  illustrations. 

An  admirable  example  of  the  deposit  of  mud  as  new  land  is  seen 
at  the  head  of  the  Adriatic  Sea,  where  no  tides  or  strong  currents 
interfere  with  the  gradual  accumulation  of  river  mud,  and  which 
receives  two  considerable  rivers,  the  Po  and  the  Adige,  draining  a 
wide  range  on  the  south  side  of  the  Alps  and  passing  through  the 
great  plams  of  Lombardy.  From  the  northernmost  point  of  the 
Gulf  of  Trieste  to  the  south  of  Eavenna  there  is  an  uninterrupted 
series  of  recent  accessions  of  land,  more  than  100  miles  in  length, 
which  within  the  last  twenty  centuries  have  increased  from  two  to 
twenty  miles  in  breadth.  It  is  calculated  that  the  mean  rate  of 
advance  of  the  delta  of  the  Po  on  the  Adriatic,  between  the  years 

*  "  Geology  of  Ruisia  in  Europe  and  fhe  Ural  Mountaini,"  toI.  i.  p.  600. 
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1200  and  1600  was  nearly  80  feet  a-year,  and  the  mean  annual 
gain  from  1600  to  1804  was  upwards  of  220  feet.  Adria,  a  sea- 
port in  the  time  of  Augustus,  tnat  gave  its  name  to  the  adjacent 
gulf  (Adriatic),  is  now  upwards  of  twenty  miles  inland. 

139.  Eiyers  exhibit  the  accumulations  of  mud  due  to  their 
passage  over  a  country,  partly  by  this  increase  of  land  along  a  coast 
tine,  but  partly  also  in  the  elevation  of  their  actual  bed  and  of  the 
adjacent  valley,  and  the  filling  up  of  the  lakes  through  which  they 
pass.  The  result  rapidly  increases  as  the  work  goes  on,  as  will  be 
understood  by  referring  to  the  an- 
nexed diagrams,  where  fig.  13  repre- 
sents a  section  across  a  river  course    

at  the  commencement  of  the  deposit,  uad  deposited  by  floods  when  a  stream 
the  river   (h)  then  running  through         nmsonalowbedthioughavaUey. 

the  lowest  part  of  a  valley  (a  a),  between  high  lands  (d  d).  When 
the  stream  is  flooded  the  mud  will  be  partly  deposited  over  the 
whole  section,  but  a  large  proportion  of  the  turbid  water  will  flow 
off,  draining  back  as  the  stream  recovers  its  natural  level.  When, 
however,  the  stream  has  in  the  course  of  time  raised  its  bed  by 
successive  deposits  (see  fig.  14),  and  the  floods  cover  the  adjacent 
country,  the  water  will  be  kept  back  in  the  hollows  at  a  a,  till 
evaporated,  and  the  whole  of  the  mud  must  be  lefb  behind.  Thus 
the  vaUey  is  gradually  elevated  so  long  as  the  same  causes  continue 
to  operate.  In  the  case  of  larger  rivers,  as  the  Ganges,  the  Mis- 
sissippi, and  others,  the  thick-  Fie  14 
ness  of  the  alluvial  bed  near  the  ^' 
river  mouth  becomes  very  con- 
siderable, and  even  at  a  distance 

of  a  hundred  miles   or  more  up         Mud  deposited  by  floods  when  a  river  has 
.,  ,  T     •       J.1  ^  raised  its  bed. 

the  stream,  and  in  the  open 

plains  through  which  the  nver  makes  its  way,  is  estimated  in  the 
Mississippi  at  more  than  250  feet.  All  this  has,  of  course,  been 
accumulated  by  the  reproductive  action  of  the  river  itself. 

140.  When  a  triangular  area  of  land  is  added  to  the  previously 
existing  shore,  whether  of  the  sea  or  a  lake,  the  base  of  the  triangle 
extendmg  towards  the  open  water  and  the  apex  being  up  the 
stream,  it  is  called  a  delta,  from  the  form  of  the  Greek  letter  of 
that  name.  Such  deltas  often  accumulate  rapidly,  and  mountain 
lakes  are  not  unfrequently  entirely  filled  up  by  them  in  the  course 
of  time.  In  the  Lake  of  Geneva  the  Ehone  enters  as  a  turbid 
stream,  charged  with  a  large  quantity  of  mud  and  detritus,  but  goes 
out  at  Geneva  perfectly  transparent.  The  whole  of  the  mud  is  left 
near  the  head  of  the  lake,  which  has  thus  become  very  shallow,  and 
the  new  matter  now  annually  added,  is  thrown  down  upon  a  slope 
about  two  miles  in  length.    The  higher  part  of  the  Lake  of  Como 
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is  nearly  filled  up,  and  the  lake  divided  into  two,  by  the  detritus 
transported  by  the  Adda  and  Mera ;  the  Lago  Maggiore  by  the 
Ticino ;  and  many  others  in  like  manner.  Some  large  inland  seas, 
as  the  Baltic,  are  sensibly  reduced  in  depth  b^  the  accumulations 
of  mud  that  take  place  in  them,  and  the  Mediterranean  is  gradu- 
ally encroached  on  by  many  of  the  rivers  that  empty  themselves 
into  it.  Of  these  the  Nile  and  the  Ehone  are  the  most  important, 
but  large  results  are  produced  bj  the  infinite  multitude  of  small 
streams  entering  along  its  coast  kne. 

141.  The  Delta  of  the  Nile  now  commences  about  100  miles  in 
a  direct  line  from  the  Mediterranean,  and  is  at  least  230  miles  in 
breadth ;  but  the  chief  effect  of  the  mud  brought  down  by  this 
river,  and  deposited  near  its  mouth,  is  not  so  much  seen  in  the 
extension  of  the  delta  seawards  as  by  the  elevation  of  the  land  over 
which  the  periodic  floods  of  the  Nile  extend,  and  whi«h  is  therefore 
gradually  mcreasing  in  extent.  The  mud  of  the  river  consists  of 
nearly  one  moiety  of  argillaceous  earth,  together  with  variable  pro- 
portions of  carbonate  of  lime,  carbon,  silica,  magnesia,  oxide  of 
iron,  and  carbonate  of  magnesia.  Each  year  produces  a  thin  addi- 
tional layer,  not  thicker,  on  an  average,  than  a  sheet  of  thin  paste- 
board. The  whole  area  of  the  delta,  with  the  exception  of  a  few 
sand-hills  and  artificial  tumuli,  offers  a  perfectlv  level  plain,  inter- 
sected in  every  direction  by  channels.  The  slope  or  fall  of  the 
Nile  from  Cairo  is  about  one  in  sixteen  thousand,  equivalent  to  an 
angle  of  15". 

142.  The  delta  of  the  Bhone  forms  a  range  of  marshes  bordering 
the  Mediterranean  between  Marseilles  and  Cette,  and  includes 
about  320,000  acres.  A  large  part  of  it  is  called  the  Camargue, 
and  includes  about  180,000  English  acres,  of  which  a  considerable 
portion  is  covered  to  a  small  depth  by  water.  The  ancient  and 
original  mouth  of  the  E»hone  was  on  the  western  side  of  this  area, 
and  the  actual  embouchure  has  advanced  more  than  eight  miles 
towards  the  sea  since  the  commencement  of  the  Christian  era. 
Several  towers  and  other  buildings  mark  distinctly  the  progress 
thus  made. 

The  Danube,  another  principal  river  of  Europe,  emptying  itself 
into  a  nearly  closed  sea,  presents  a  large  delta,  the  nver  dividing 
into  four  principal  branches  at  about  fif^  miles  from  the  coast,  the 
two  extremes  of  which  are  about  fifty-K)ur  miles  apart  at  the  ex- 
tremity. The  Volga  affords  a  similar  instance  of  the  accumulation 
of  mud,  as  there  are  only  a  few  feet  of  water  in  the  Caspian  Sea 
for  a  distance  of  fifty  miles  from  the  mouth  of  that  river. 

143.  The  Oceanic  deltas,  of  which  in  Europe  the  Ehine  is  the 
most  extensive,  offer  examples  of  the  reproductive  effect  of  river 
currents  on  a  very  large  scale.    The  present  head  of  the  delta  is 
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about  forty-five  miles  from  the  nearest  part  of  the  Zuyder  Zee,  and 
more  than  ninety  miles  from  the  general  coast  Une.  The  whole  of 
the  coast  line  of  Europe,  however,  from  Calais  to  the  entrance  of 
the  Baltic,  requires  to  be  considered  in  reference  to  this  consi- 
derable and  important  delta ;  and,  as  the  subject  has  been  ably 
treated, ^and  at  some  length,  by  M.  EUe  de  Beaumont*,  we  must 
refer  to  his  account  for  the  details,  without  which  it  is  not  easy 
clearly  to  understand  the  nature  and  cause  of  the  coast  changes 
constantly  going  on.  It  appears  that  the  whole  plains  of  North 
Central  Europe  have  been  originally  covered  by  sand  and  gravel, 
but  chiefly  by  the  fine  sand  seen  on  the  coast  of  Elanders.  On 
these  have  been  deposited  the  accumulations  of  mud  brought 
down  by  the  Bhine,  and  the  numerous  sinkings  for  wells  in  various 
parts  of  Holland  and  Belgium  show  that  such  accumulations 
amount  in  places  to  several  hundred  feet. 

The  waters  of  the  Bhine,  as  of  other  rivers,  have  been  exa^ 
mined  with  reference  to  the  average  quantily  of  solid  matter 
they  hold  in  suspension  at  different  periods  of  tne  year,  and  it  was 
found  that  the  quantity  brought  down  was  about  400  tons'  weight 
per  hour. 

144.  The  G-anges,  including  the  Bramahpootra,  presents  a  delta 
of  gigantic  dimensions.  It  commences  220  miles  from  the  sea, 
and  its  base  line  extends  for  200  miles,  including  the  wide  tract 
occupied  by  the  waters  of  the  river  and  the  different  branches,  of 
which  there  are  eight  principal  and  an  almost  infinite  number  of 
smaller  ones.  These  are  constantly  shifting,  and  the  extremity  of 
the  delta  altering  in  position ;  and  the  quantity  of  mud  poured 
into  the  Bay  of  Bengal  is  so  large  that  the  sea  does  not  recover  its 
transparency  for  sixty  miles  from  the  coast.  The  general  slope 
seawards  is  gradual,  and,  with  the  exception  of  a  deep  hollow  about 
fifteen  miles  in  diameter,  is  not  more  than  sixty  fathoms  deep  at  a 
distance  of  a  hundred  miles  out.  The  quantity  of  mud  brought 
down  by  this  river  has  been  estimated  at  about  600,000  cubic  feet 
per  second  during  the  four  months  of  the  flood  season,  and  about 
50,000  cubic  feet  only  per  second  for  the  rest  of  the  year ;  the 
average  weight  of  mud  during  the  rains  being  xir*^  P^  ^^  *^® 
whole  weight  of  the  water.  The  total  annual  discharge  would 
thus  be  nearly  6,368,000,000  tons,  and  the  average  quantity  of 
mud  held  in  the  water  about  ^^th  part  by  weight  t* 

145.  The  Mississippi  commences  to  bifurcate  at  nearlv  300  nules 
from  its  principal  embouchure,  and  the  head  of  its  delta  is  about 
200  nules  from  the  sea.  Its  breadth  is  considerable,  and  it  pre- 
sents on  the  whole  an  area  at  least  one  third  larger  than  that  of 

*  "  Lefons  de  G^logie  pratique,"  vol.  i.  p.  253  et  »eq, 
t  The  Severn  has  been  found  to  yield  40*3  grains  of  sediment  in  an  imperial  gallon  of  water. 
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the  Nile.  It  is  essentially  a  projecting  delta,  being  bounded  on 
the  east,  west,  and  south  by  tne  sea,  and  advancing  steadily  out- 
wards, at  a  rate  of  about  one  mile  in  a  century,  or  50  feet  per 
annum.  The  solid  matter  contained  in  the  muddy  waters  of  the 
river  is  nearly  ten  times  as  great  as  in  the  Ehine,  averaging  for 
the  vear  ttsit^^  ^^  *^®  whole  weight  of  the  water.  The  mean 
depth  of  the  mud  and  sand  in  the  delta  is  estimated  at  not  less 
than  500  feet,  which,  allowing  3,000,000  cubic  feet  of  mud  to  be 
deposited  each  year,  would  require  about  85,000  years  for  the 
formation  of  the  present  area  of  mud*.  It  is,  however,  probable 
that  the  rate  of  increase  has  not  alwavs  been  the  same,  and  that 
the  present  result  may  have  been  obtained  in  a  much  shorter 
time. 

146.  In  addition  to  the  material  thus  conveyed  along  by  water, 
a  considerable  quantity  is  deposited  £rom  calcareous  and  other 
springs.  Several  remarkable  examples  of  this  kind  are  quoted  by 
Sir  Charles  LyeU,  in  one  of  which  there  is  a  thickness  of  200  or 
300  feet  of  travertin  of  recent  deposit,  while  in  another  a  soUd 
mass  30  feet  thick  was  deposited  in  about  twenty  years.  He  also 
states  "there  are  countless  other  places  in  Italy  where  the  constant 
formation  of  limestone  maybe  seen,"  while  the  same  may  be  said 
of  Auvergne  and  other  volcanic  districts.  In  the  Azores,  Iceland, 
and  elsewhere,  siUca  is  deposited  often  to  a  considerable  extent. 
Deposits  of  asphalt  and  other  bituminous  products  occur  in  other 
places. 

147.  "We  now  come  to  the  mode  of  distribution  of  the  material 
removed,  deposited,  or  otherwise  accumulated  in  the  manner  above 
described.     In  the  case  of  a  jSi?  is 

cliff  or  hiU,  the  annexed  dia-  ^'     *  ^ 

^ram  (fig.  15)  will  give  some  ^g 

idea  of  the  kind  of  process  that  ^J?^ 

takes  place  by  the  joint  action  ^^.^xsKr^^^^^M. 

of  the  atmosphere  and  water.  _^,^^^^^^^^^^gS 

The  degradation  at  first  results      ■fi.>.^i^g?^^^y^'g;g/ag9^^^iiii^ 

in  the  formation  of   a  talus  **./..     I      ^.„"     ,.,   , 

of   large    blocks    (a)   thrown        i>epo«t  of  detntu.  from  .  mu  or  cuir  uiu.. 

down  and  irregularly  heaped.  After  this  a  further  amount  of 
similar  action  breaks  up  these  blocks  into  smaller  fragments, 
which  arrange  themselves,  as  at  5,  in  irregular  paraUeHsm  with  the 
former ;  these  again  are  succeeded  by  another  series,  c,  and  these 
by  others,  until  at  length  ordinary  ram  or  tidal  action  removes  a 
part  in  the  shape  of  mud. 

148.  When  the  material  thus  broken  up  is  exposed  to  the  action 

*  LyelPs  "  Principles/'  ante  cit.  p.  218.    The  figures  are  somewhat  altered  to  include  recent 
observations. 
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streams. 


of  numing  water,  a  certain  amount  of  sifting  takes  place,  and  the 
materials  are  deposited  in  nearly  horizontal  layers  with  some 
degree  of  regula- 

rity,  the  finer  and  ^^'  ^®- 

coarser  portions 
being  grouped  se- 
parately. While, 
however,  the  depo- 
sit on  the  whole  is 
nearly   horizontal,   oH,..t„«.nh-.^.H5  v^ 

^ .  ^    •^     ,  ,  .,v    structure  obserred  in  the  accumulations  made  by  runnmar 

different  layerswul 
present  an  iatemal  arrangement  of  parts  having  reference  to  the 
actual  direction  in  which  the  deposit  was  made,  as  marked  iu  the 
diagram  (fig.  16),  where  the  direction  of  the  current  is  marked  by 
an  arrow,  and  the  beds  a,  ft  have  been  deposited  by  an  opposite 
current  to  that  which  produced  the  earliest  beds  marked  <?,  d. 
The  bed  d  marks  a  peculiar  lenticular,  or  lens-shaped  form,  not 
unfipequently  seen,  and  due  to  a  temporary  and  local  cause  often 
connected  with  the  presence  of  some  organic  body. 

149.  All  deposits  are  not  of  the  simple  character  thus  iudicated. 
The  result  of  the  infiltration  of  water  containing  carbonate  of  lime, 
silica,  oxide  of  iron,  and  various  soluble  earthy  salts,  through  such 
accumulations,  does  not  fail  to  produce  considerable  change  iu  the 
course  of  time,  and  alternations  of  mere  mechanical  deposits  with 
substances  once  held  in  solution  will  modify  the  first  appearance 
and  itself  induce  further  change.  The  mud  also  deposited  from 
the  waters  of  a  river,  or  on  a  coast,  will  be  of  various  degrees  of 
coarseness  in  any  particular  spot  according  to  the  mechanical  force 
exerted,  and  every  change,  however  small,  will  be  marked  by  a  slight, 
but  corresponding  alteration  in  the  bedding ;  thus,  in  a  moderate 
thickness  of  deposit  we  shall  find  a  nimiber 
of  distinct  bands  as  in  fig,  17,  one  of  clayey  .  ^S*  ^7, 
mud,  another  of  calcareous  mud,  another  of 


sand,  another  of  pebbles,  and  so  on.     These  ^^^-^^^^^^ 
will  have  an  arrangement  without  much  ^i^M^i^*^^!^^^^^^^- 
reference  to  their  relative  specific  gravity, 
except  in  the  case  of  each  band  of  similar  Si^^o^^^^S!^.^ 
materials.  '^ 

150.  But  another  real  and  great  cause  of  difference  in  the  deposits 
made  both  by  and  in  water,  must  be  traced  to  the  organic  world. 
Animals  and  vegetables  inhabiting  the  water,  or  brought  there  by 
accident,  often  possess  hard  and  indestructible  parts,  and  these  are 
constantly  retained  and  preserved  in  mud,  not  unfrequently  making 
up  very  thick  masses  with  little  or  no  admixture  of  foreign  and  inor- 
ganic substances.    Shells  of  all  kinds,  particularly  those  gregarious- 
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species  conunoa  either  in  feeeh  water,  or  in  the  sea,  are  amoDgat 
these  deposits,  and  they  also  contaiii  Iragmeiite  of  planto,  both 
land  and  aquatic.  Certain  plants,  however,  are  more  readily  pre- 
eerred  in  water  than  others ;  and  these  are  chiefly  retained,  while 
many  animals  which  secrete  carbonate  of  lime  from  sea-water  and 
form  for  themselves  stony  hahltations,  become  permanent  in  the 
new  condition  of  thinga.  Such  animals  withstand  the  beating  of 
the  waves,  and  their  nouses  endure  permanently  as  steny  walls 
flanking  extensive  lines  of  coast  and  numerous  detached  islands. 
The  coral  animal  is  thus  dispersed  in  innumerable  banks,  and  often 
builds  such  maBaive  walla,  that  it  ranks  amongst  the  most  effective 
causes  of  change,  and  require  some  detailed  explanation  in  this 
place.  The  coral  animals,  which  are  chieflv  occupied  in  the  form- 
ation of  reels,  have  numerous  calcareous  plates,  and  increase  with 
very  great  rapidilr.  In  the  seas  where  they  build  ue  also  many 
bivalve  and  univalve  shells,  which  add  greatly  to  the  mass.  The 
reef-building  corals  do  not  flourish  at  a  greater  depth  than  120 
feet ;  and  though  many  species  are  found  living  much  deeper  they 
rarely  form  considerable  accumulations. 

151.  The  appearuice  of  coral  islands  is  extremely  picturesque. 
A  ring  of  land  (see  fig.  18)  or  a  small  hummock,  of  circular  or  oval 

Fig.  18. 


Vhw  of  WUt-Sundtf  Itlud.  lo  Moll  in  Uic  PidAc. 

shape  and  a  few  hundred  yards  across,  rises  barely  above  high-water 
mane,  and  is  &inged  by  mangroves  and  often  dotted  with  cocoa-nut 
palms.  Between  these  and  the  water  is  a  beach  of  glittering  white 
sand,  the  outer  margin  of  which  is  encircled  with  a,  ring  of  snow- 
white  breakers,  beyond  which  again  are  the  dark  heaving  waters 
of  the  open  ocean.  The  inner  beach  of  the  former,  a  lagoon  island, 
encloses  the  calm  clear  water  of  a  shallow  lake,  resting  for  the 
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most  part  on  white  sand,  and  showing  the  most  yivid  green  colour 
when  the  sun  is  shining.  "  The  ocean,**  says  Mr.  Darwin, "  throw- 
ing its  breakers  on  the  outer  shore  appears  an  invincible  enemy, 
yet  we  see  it  resisted,  and  even  conquered  by  means  which  at  first 
seem  most  weak  and  inefficient.  No  periods  of  repose  are  granted, 
and  the  long  sweU  caused  by  the  steady  action  of  the  trade-wind 
never  ceases.  The  breakers  exceed  in  violence  those  of  our  tem- 
perate regions,  and  it  is  impossible  to  behold  them  without  feeling 
a  conviction  that  rocks  of  granite  or  quartz  would  ultimately  be 
demolished  by  such  irresistible  forces,  x  et  these  low  coral  islands 
stand,  and  are  victorious,  for  here  another  power,  antagonistic  to  the 
former,  takes  part  in  the  contest.  The  organic  forces  separate  the 
atoms  of  carbonate  of  lime  one  by  one  from  the  foaming  breakers, 
and  unite  them  into  a  symmetrical  structure ;  myriads  of  architects 
are  at  work  night  and  day,  month  after  month ;  and  wo  see  their 
soft  and  gelatinous  bodies  through  the  agency  of  the  vital  laws 
conquering  the  great  mechanical  power  of  the  waves  of  the  ocean, 
which  neither  the  art  of  man,  nor  the  inanimate  works  of  nature, 
could  successfully  resist*.'* 

The  structure  of  one  of  these  islands  will  be  understood  by  refer- 
ence to  the  preceding  sketch  (fig.  18),  and  the  accompanying  sec- 
tion (fig.  19).     In  the  diagram  fig.  19,  a,  a  represents  the  narrow 
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Section  acroas  an  atoll  or  lagoon  island. 

habitable  ring ;  5,  h  the  lagoon,  and  c  an  island  rising  out  of  the 
lagoon.  Eig.  20  represents  an  ideal  section  of  an  island  on  which 
coral  is  supposed  to  have  accumulated  to  a  vast  depth.  See  §  198. 

Eig.  20. 


Section  illustrating  the  growth  of  deep  Coral-banka  by  gradual  depression  of  the  land. 

152.  Coral  reefs  are  of  three  kinds,  one  of  which  consists^  of 
narrow  strips  not  presenting  any  considerable  depth,  and  forming 
a  fringe  to  the  land  in  some  tropical  seas.  The  other  two  kinds 
are  farther  removed  from  the  shore,  from  which  they  are  separated 
by  a  canal  or  lagoon,  and  either  encircle  islands  or  exhibit  nothing 

*  "Journal  of  the  Bei^le/*  leoond  edit.  p.  460. 
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more  than  the  narrow  belt  of  the  reef  itself.     The  first  kind  are 
called  fringing^  the  second  encircling  or  harrier,  and  the  third 
atolUformed  reefs,  the  name  atoll  bemg  given,  in  the  seas  where 
these  islands  abound,  to  the  circidar  reefs  without  high  central 
land.     Of  these,  fringing  reefs  occur  in  the  Bed  Sea,  on  the  east 
coast  of  A&ica  and  Machgascar  and  the  adjacent  islands  to  the 
north,  and  in  the  Indian  Archipelago  between  the  Bay  of  Bengal 
and  New  G-uinea  and  as  far  as  the  Solomon  Islands,  and  they 
may  be  traced  at  intervals  to  the  south  of  the  Society  Islancu 
in  longitude  160*^  W.,  and  northwards  through  the  Pmlippines. 
They  also   occur  in  the  West  Indies.      The  barrier  reefs  and 
atolls  are  found  in  the  Indian  Ocean,  the  China  Sea,  off  the  east 
coast  of  Australia,  and  in  the  GaroHne  Archipelago ;  and  a  vast 
multitude  of  islands  as  far  as  the  Low  Archipelago  are  biult  up  in 
the  same  manner,  the  whole  western  portion  of  the  Pacific  bein^ 
sometimes  called  the  Coral  Sea  from  the  innumerable  reefs  and 
islands  of  coral  that  render  navigation  there  so  dangerous.     The 
absolute  area  of  sea-bottom  thus  occupied  at  intervals  by  the  work 
of  one  race  of  animals  is  so  enormous  that  it  would  be  difficult  to 
parallel  it  by  reference  to  any  existing  mountain  district*,  and  the 
actual  magnitude  of  particular  reefs  is  not  less  remarkable.     Thus, 
the  barrier  reef  in  New  Caledonia  is  400  miles  long ;  and  on  the 
coast  of  Australia  the  reef  extends  for  1000  miles  parallel  to  the 
shore,  and  at  a  distance  varying  from  twenty  to  sixty  miles  from 
it.     The  Maldive  Archipelago  is  470  miles  in  length,  and  has  a  mean 
breadth  of  fifty  miles,  and  consists  entirely  of  atoll  islands,  the 
largest  of  which  is  eighty-eight  miles  in  length,  and  only  twenty 
broad.     The  Chagos  ^oup  is  a  series  of  submerged  atoUs,  and  ex- 
tends over  an  area  of  170  miles  by  eighty.     The  Laccadive  group 
measures  150  miles  by  100,  and  is  of  the  same  kind. 

153.  Nor  are  other  and  even  much  smaller  animals  without  some 
means  of  producing  results  in  mass.  This  has  been  remarkably 
shown  in  the  case  of  infusorial  animalcules  inhabiting  rivers  where 
the  tide  periodically  advances  to  a  certain  point  and  recedes,  lea- 
ving a  space  alternately  occupied  by  fresh  water  and  salt.  Many 
minute  ftniTnala  inhabiting  the  ocean  and  brought  up  by  the  tide 
are  killed  at  once  when  immersed  in  fresh  water. 

The  minute  microscopic  animab  of  the  sea  extend  up  the  beds  of  rivers  directly 
connected  with  the  ocean,  as  £sur  as  the  ebb  and  flood  of  the  tide  are  perceptible. 

The  flood-tide  in  the  upper  districts  of  the  river,  even  where  the  salt  taste  is 
no  longer  perceptible,  does  not  consist  merely  of  an  accumulation  of  the  river 
waters,  occasioned  by  checking  its  outflow,  but  is  due  to  the  direct  introduction 
of  sea-water,  probably  under  the  river-water.    In  the  case  of  the  Elbe,  which 

*  From  the  southern  end  of  the  Low  Archipdago  to  the  northern  end  of  Marshall  Archipelaffo 
is  a  distance  of  4500  miles,  in  which  as  far  as  is  known  every  island,  with  one  exception,  is  atoll- 
formed.  The  number  of  islands  is  so  large  that  it  has  not  yet  been  possible  to  estimate  it  correctly. 
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has  been  the  subject  of  special  examination  by  Ehrenberg*,  this  distance  is  as 
much  as  eighty  EngUsh  miles  above  the  mouth  of  the  river. 

Since  in  the  lower  portion  of  the  Elbe,  the  mud,  consisting  of  a  mass  of  clay 
and  slime,  which  often  interferes  with  the  navigation,  only  accumulates  so  far 
up  as  the  flood-tide  is  perceptible,  but  above  this  point  the  bed  of  the  river  con- 
sists of  pure  siliceous  and  other  sand,  it  is  evident  that  the  cause  of  this  singular 
phenomenon  is  principally  owing  to  organic  conditions.  It  appears,  in  fact,  that 
the  mixture  of  river-  and  sea-water  gradually  kills  vast  multitudes  of  minute  organic 
bodies,  and  causes  them  to  fall  to  the  bottom,  and  form  these  accumulations. 

The  marsh  land  of  the  lower  districts  of  the  Elbe,  below  Hamburg,  and,  pro- 
bably, of  all  rivers  flowing  into  the  ocean,  does  not  merely  consist  of  matter 
brought  down  by  the  str^un  from  distant  regions,  nor  is  it  a  local  production  of 
the  minute  animalcules  existing  in  river-water,  but  it  is  to  a  very  considerable 
extent  derived  £rom  organic  beings  once  existing  in  the  ocean. 

If  we  deduct  the  admixture  of  fine  sand  as  a  matter  of  uncertain  origin,  we 
shall  find  that  from  one-quarter  to  one-third  of  the  mass  of  fresh  mud  is  owing 
to  the  influence  of  marine  animalcules,  and  that  as  far  as  the  flood-tide  ex- 
tends, the  proportion  is  about  half  as  great,  but  it  has  been  already  shown  that 
what  appears  to  be  fine  sand,  may  also,  in  a  great  measure,  be  an  altered  state 
of  organic  siliceous  shells. 

Similar  results  were  obtained  fr^m  the  examination  of  the  mud  in  the  lower 
districts  of  other  rivers  emptying  themselves  into  the  Baltic.  In  the  neighbour- 
hood of  Hamburg,  the  thickness  of  this  mud  is  15  or  16  feet,  and  several  low 
islands  at  the  mouth  of  the  Elbe  are  entirely  formed  in  this  way,  the  actual 
proportion  of  the  skeletons  of  the  animalcules  being  equal  to  one-twentieth  of 
the  volume.  There  is  little  doubt  that  this  accumijJation  will  be  found  to  con- 
nect itself  with  the  history  of  the  earlier  deposit  of  the  great  tract  of  land,  whose 
northern  shore  is  washed  by  the  Baltic,  and  the  eastern  portion  by  the  (German 
Ocean. 

154.  Accumulations  of  vegetable  matter  must  in  like  manner  be 
formiug  important  deposits  which  will  one  day  appear  as  beds  of 
coal  or  lignite,  especially  where  swamps,  turf-Dogs,  and  other  loca- 
lities admit  of  the  vegetable  growth  of  each  year  being  preserved. 
It  seems  to  be  chiefly  in  temperate  and  cold  climates  that  these 
phaanomena  are  most  marked. 

It  is  not  necessary  to  detain  the  reader  with  further  details  of 
the  influence  of  organic  products  on  inorganic  matter,  for  no  one 
who  is  familiar  with  existing  nature  wiU  for  a  moment  doubt  that 
such  influence  is  real  and  very  extensive.  Every  accumulation  of 
river  mud  and  detritus  must  contain  many  fragments  of  the  animals 
and  vegetables,  chiefly  aquatic,  existing  in  the  vicinity ;  and  thus 
each  spot  where  such  accumulations  go  on,  must  present  a  history 
more  or  less  complete  of  some  part  of  the  earth  at  one  period  of 
its  existence.  The  multitude  of  such  chapters  of  the  long  and 
complicated  history  of  the  whole  earth,  that  are  in  the  course  of 
time  stereotyped  in  beds  of  mud,  form  rocks  and  are  laid  open  to 
the  naturalist  and  geologist,  must  become  records  of  the  present 
condition  of  organic  nature ;  and,  however  sometimes  mixed  and 

*  Ehrenberg,  Proceedings  of  Berlin  Academy  for  1843.  See  Quart.  6eol.  Joum.  vol.  i.  (1846)p.252. 
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confused,  are  true  and  truBtworthy  documents  by  which  to  study 
the  history  of  the  past.  Similar  documents  discovered  now  in 
rocks  and  properly  studied  and  interpreted  are  the  means  of  ma- 
king out  the  true  nature  of  the  earth's  progress ;  and  these  ancient 
records  are  generally  available,  whether  they  refer  to  animals  or 
vegetables — -to  the  mghest  or  the  lowest  forms  of  organization. 

155.  Ab  a  fit  conclusion  to  the  present  chapter  we  append  an  account  of  the 
views  of  the  late  Professor  Edward  Forbes  concerning  the  distribution  of  marine 
animals  in  depth,  since  it  is  only  by  a  knowledge  of  the  actual  laws  of  this  dis- 
tribution, ana  their  bearing  on  the  habits  of  anunitla  generally,  that  any  conclu- 
sions can  be  drawn  from  me  appearance  of  the  remains  of  various  species  im- 
bedded in  aqueous  deposits. 

1st.  Living  beings  are  not  distributed  by  chance  in  the  bed  of  the  sea ;  certain 
species  inhabit  certain  localities  according  to  depth,  so  that  the  bed  of  the  sea 
presents  a  series  of  zones  or  regions,  of  which  each  one  has  its  peculiar  group  of 
mhabitants. 

2nd.  The  number  of  species  is  much  less  considerable  in  the  deeper  zones 
than  those  near  the  surmce.  Vegetables  disappear  below  a  certain  depth,  and 
the  constant  diminution  in  the  number  of  species  of  animals  indicates  that  the 
zero  of  animal  life  is  not  £ur  distant. 

3rd«  The  number  of  animal  and  vegetable  species  in  the  northern  seas  is  not 
the  same  in  all  zones  of  depth :  it  increases  in  the  number  of  identical  or  repre- 
sentative species  as  we  descend.  The  law  seems  to  be  that  the  parallels  in  depth 
below  the  surface  correspond  in  this  respect  to  parallels  of  height  above  the 
surface,  and  have  the  same  reUtion  to  parallels  of  latitude. 

4th.  All  kinds  of  searbottom  are  not  equally  capable  of  supplying  nourish- 
ment for  animals  and  vegetables. 

5th.  Banks  of  marine  animals  do  not  extend  indefinitely,  each  species  living 
in  a  particular  sea-bottom,  and  being  liable  to  extinction  if  the  number  of  indi- 
viduals should  increase  so  much  as  to  modify  the  nature  of  the  bottom. 

6th.  Animals  inhabiting  great  depths  have  also  a  wide  horizontal  range. 

7th.  MoUusks  emigrate  in  the  larva  state,  but  perish  at  a  certain  period  of 
their  existence,  if  they  do  not  then  find  the  conditions  of  depth  and  sea-bottom 
fiivourable  for  their  further  development*. 


CHAPTEE  VI. 


BBACnON  OF  THE  INTEBIOR  OF  THE  EAETH  ON  ITS 

EXTERNAL  SURFACE. 

166.  The  subject  that  comes  now  before  us  presents  series  of 
changes  much  more  readily  appreciated,  and  apparently  more  likely 
to  modify  the  earth's  surface,  than  those  considered  in  the  pre- 
ceding chEipter.  It  includes  volcanoes  and  earthquakes,  emanations 
of  gas,  and  jets  of  hot  and  mineral  water ;  and  besides  the  great 
interest  of  the  phsenomena  involved,  the  subject  is  of  essential  im- 

•  Ed.  New  Plul.  Journ.,  April,  1845. 
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poitauce  in  enabling  us  to  comprehend  the  general  series  of  modi- 
fications of  the  surface  of  our  globe.  Following  the  plan  adopted 
in  the  last  chapter,  we  commence  with  a  scheme  by  which  the 
reader  will  see  at  once  the  bearings  of  the  subject,  and  the  general 
mode  in  which  it  will  be  treated*. 

I. — Direct  indietxHons  of  snbterrtinecm  change, 
Bj  gaseous  exhalations,  and  bituminous  and  muddy  eruptions,  §  157 — 160. 
By  thermal  and  minend  springs,  §  161 — 165. 
Bj  undulations  of  the  earth's  sur&ce  propagated  beneath  the  surface. 

Nature  of  earthquakes,  §  166 — 169. 

Extent  of  districts  subject  to  them,  §  170 — 172. 

Actual  range  of  a  single  shock,  §  17^ — 175. 

Attendant  phenomena  of  £racture,  and  eleyation  or  depression  of  the 
surface,  §  176, 177. 
By  Tolcanic  eruptions. 

Nature  of  volcanoes,  §  178 — 181. 

Products  erupted  from  volcanoes,  §  182, 183. 

Districts  presenting  active  volcanoes,  §  184 — 187. 

Commimication  between  distant  volcanoes,  §  188,  189. 

II. — Indirect  indications  of  subterranean  change. 
By  former  alterations  of  level  in  volcanic  districts,  §  190,  191. 
By  marks  of  extinct  volcanic  action. 

In  extinct  volcanic  cones,  §  192 — 194. 

In  accumulations  of  known  volcanic  products,  §  195. 
By  alterations  of  level  in  districts  not  volcanic. 

Elevation  of  various  coast  lines,  §  196, 197. 

Depression  of  large  areas,  §  198. 

157.  Flames  have  in  many  places  been  observed  to  issue  from 
the  ground  from  clefts  iu  the  earth,  which  appear  to  allow  the 
escape  of  gases  from  some  depth.  When  such  gases  are  carbu- 
retted  hydrogen,  or  hydrogen,  they  readily  take  fire,  and  long 
continue  to  bum.  When  sulphuretted  hydrogen,  sulphurous  va-* 
pours,  or  muriatic  acid,  they  are  either  not  inflammaole,  or  bum 
with  a  flame  hardly  seen  by  daylight,  and  therefore  not  so  likely 
to  be  noticed ;  and  when  carbonic  acid,  which  is  the  most  common, 
and  is  emitted  in  great  abundance  in  many  places,  they  at  once 
extinguish  flame  and  destroy  animal  Hfe.  Uarburetted  hydrogen, 
emitted  from  the  ground,  is  actually  used  in  Chioa  for  culinary 
purposes  and  illumination. 

There  are  several  places  where  this  gas  issues  from  the  ground  on  the  south 
of  the  great  chain  of  lakes  of  North  America.  Three  miles  south  of  Lake  Erie 
it  issues  from  a  blue  schist,  and  a  bore-hole  is  sunk  to  about  23  feet  in  schists 
and  bituminous  substances,  whence  the  gas  is  conducted  by  tubes  to  a  gasometer, 
and  afterwards  conveyed  to  different  parts  of  the  town.  A  large  quantity  of 
inflammable  gas  issues  from   bore-holes  in    the  valley  of  the   Kanawha  in 


Erdoberfl&che ;"  LyeU's  '*  PrincipleB  of  Geology  ;»*  De  la  Beche*a  '*  Manual/'  *<  Reaearches/' 
and  "  How  to  Obaerve  ;**  Beudant's  **  G^lo|§e  ;'*  Humboldt's  *'  Cosmos  *'  and  "  Aspects  of 
Nature,"  and  Dr.  Daubeny's  "  History  of  Active  and  Extinct  Volcanoes.*' 
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WoBtem  Yirginia,  tha  roclu  oonnsting  of  sali^arouB  grits  in  the  upper  carbo- 
nifiBrous  roclu. 

In  the  neighbourhood  of  Newcaetle-on-Tyne,  in  England,  where  the  coal  beds 
in  some  places  contain  a  large  quantity  of  this  gas,  it  is  conducted  from  the 
deep  working  of  the  mines  to  the  sur&ce,  and  there  burnt,  merely  to  avoid  the 
daneer  of  its  escape  into  the  works.  In  these  cases,  the  depth  from  which  the 
gas  IS  obtained  is  very  small,  but  other  examples  are  recorded  where  a  constant 
emanation  occurs  from  great  depths,  and  in  the  neighbourhood  of  volcanoes. 
Such  are  the  fwrna/roUs  (eruptions  of  aqueous  vapour),  and  9olfaJba/ra»  (erup- 
tions of  sulphurous  vapours),  and  the  homitos  or  little  ovens  of  the  Mexican 
volcanic  plains. 

158.  Flames  issue  from  the  ground,  unaccompanied  b^  true 
volcanic  phsenomena,  at  what  are  called  salseSy  at  Bassuolo  in  the 
Apennines,  about  midway  between  the  Adriatic  and  Massa  on  the 
Mediterranean  coast ;  and  many  other  similar  appearances  are  de- 
scribed in  Tuscany.  Eruptions  of  mud  from  small  orifices,  also 
called  salses,  are  described  as  occurriug  in  Java,  where  gas  at  a 
high  temperature,  mingled  with  the  vapour  of  water,  has  acted 
and  continues  to  act  powerftdly  on  the  surrounding  solid  matters, 
disintegratiug  and  decomposing  them,  and  forming  many  new 
compounds,  and  sometimes  beiug  accompanied  by  true  eruptions 
of  boiling  acid  mud.  V  /     \ 

Very  remarkable  and  destructive  floods  of  hot  mud  are  on  record,  not  only 
in  Java  but  in  Peru,  where,  in  the  year  1698,  the  volcano  of  Carguaraizo  gave 
forth  a  torrent  of  mud  that  covered  nearly  80,000  acres  of  groimd,  and  in  1797, 
an  entire  village  near  Sio  Bambo  was  buried  under  a  similar  mass.  In  most 
cases,  the  mud  itself  has  certainly  not  been  brought  from  any  considerable 
depth,  since  it  contains  organic  matter,  and  abounds  in  the  cases  of  infusorial 
animalcules. 

Greece  and  Asia  Minor,  and  various  districts  in  the  Crimea, 
have  been  found  to  fiimish  examples  of  a  similar  kind  of  subter- 
ranean action,  and  it  is  supposed  to  occur  in  the  bed  of  the  sea  of 
Azof.  At  Carthagena  in  New  Spain,  in  some  partgf  of  Hindostan, 
and  elsewhere,  almost  the  same  appearances  are  connected  with 
recent  volcanic  action ;  and  Humboldt  suggests  that  they  present 
an  image  of  the  constant  but  feeble  activity  of  the  interior  of  the 
globe.  They  are  in  some  cases  continuous  and  incessant,  and  in 
others  occur  only  at  intervals  of  greater  or  less  magnitude. 

169.  The  phflBuomena  of  mud  volcanoes  are  deserving  of  more  attention  than 
geologists  have  hitherto  given  to  them ;  their  grandeur  has  been  overlooked, 
because,  of  the  two  phases  presented  by  them,  it  is  only  the  second,  or  calmer 
state,  lasting  for  centuries,  which  has  been  usxialLy  described ;  bur  tiieir  origin 
is  accompanied  by  earthquakes,  subterranean  thunder,  the  elevation  of  great 
districts  of  country,  and  lofty  jets  of  flame  of  short  duration.  When  the  mud 
volcano  of  Jokmah,  on  the  penmsula  of  Abscheron,  east  of  Baku,  on  the  Caspian 
Sea,  was  fl.rBt  formed,  on  the  27th  of  November,  1827,  flames  blazed  up  to  an 
extraordinary  height  for  a  space  of  three  hours,  and  during  the  following  twenty 
hours  they  rose  about  3  feet  above  the  crater  from  wluch  mud  was  ejected. 
Near  the  village  of  Baklichli,  west  of  Baku,  the  column  of  flame  rose  so  high, 
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thftt  it  could  be  seen  at  a  distanoe  of  twenty-four  miles.  Enonnons  fragments 
of  rock,  torn  doubtless  from  great  depths,  were  burled  to  a  distance  around. 
Similar  fragments  are  seen  around  tbe  now  tranquil  mud  volcano  of  Monte 
Zibio,  near  Sassuolo,  in  Northern  Italy.  For  fifteen  centuries  the  Sicilian  salse 
near  Girgenti  (Macalubi),  described  by  the  ancients,  has  continued  in  the  se- 
condary stage  of  activity ;  it  consists  of  several  conical  mounds,  from  8  or 
10  to  30  feet  high,  subject  to  variation  both  in  form  and  height.  Streams 
of  argillaceous  mud,  accompanied  by  periodical  disengagements  of  gas,  flow  from 
very  small  baflins  containing  water,  at  the  summits  of  the  cones.  In  these  cases 
the  mud  is  usualW  cold,  but  sometimes  it  has  a  high  temperature,  as  at  Damak 
in  the  province  oi  Samarang,  in  Java.  The  gaseous  eruptions,  which  are  accom- 
panied by  noise,  vary  in  their  nature,  consisting  sometimes  of  hydrogen  gas 
mixed  with  naphtha,  sometimes  of  carbonic  acid,  and  even  occasionally  of  almost 
pure  nitrogen,  as  Parrot  and  myself  have  shown  in  the  peninsula  of  Taman,  and 
m  the  South  American  volcancitos  of  Turbaco*. 

160.  When  large  quantities  of  bituminous  matter  occur  near 
the  earth's  surface  they  occasionally  yield  naphtha  springs,  petro- 
leum, and  other  forms  of  liquid  bitumen,  and  these  if  set  on  fire 
continue  to  bum  for  a  long  time,  and  present  on  a  small  scale 
some  of  the  phaenomena  of  true  volcanoes.  They  have  been  de- 
signated psetidO'YolcajioeB ;  and  a  remarkable  instance  at  Baku, 
near  the  Caspian  Sea,  has  been  frequently  described.  Similar  ex- 
amples occur  at  £»angoon,  near  the  delta  of  the  Irrawaddi,  and 
also  in  China,  in  Japan,  and  in  North  America.  The  extraction 
of  the  bitumen  in  many  of  these  localities  is  a  matter  of  economic 
importance.  A  vast  deposit  of  bitumen  exists  in  the  island  of 
Trinidad  in  the  West  Indies. 

161.  Eruptions  of  heated  water  are  common  in  many  volcanic 
districts,  but  nowhere  so  remarkably  as  in  the  G-eysirs,  or  boiling 
fountains  of  Iceland.  Other  cases  of  boiling  springs  have  been 
described  iu  Java,  Manilla,  and  in  the  circular  island  of  St.  Paul, 
in  the  East  Indies,  and  also  in  the  volcanic  regions  of  Central  and 

South  America. 

In  a  plain  about  eight  miles  in  breadth,  extending  from  the  foot  of  the  BlafyeU 
to  the  sea-shore,  and  connecting  itself  with  the  flat  moorland  of  the  coast,  lie 
the  springs  of  the  Great  Qeysir,  at  the  foot  of  a  hill  composed  of  slaty  phonolite 
and  grey  trachyte.  According  to  all  appearance,  this  plain,  which  has  scarcely 
a  pereeptible  inclination  to  the  sea,  was  once  a  broad  fiord,  reaching  as  far  as 
the  jagged  mountains  of  the  Yarthettur,  and  the  BlaiyellshaUs.  It  is  clothed 
with  a  thick  green  carpet  of  meadow  ground,  and  many  larger  or  smaller  springs 
wind  like  sUver  ribbons  through  the  grass,  sometimes  hiding  between  high  banks, 
then  again  coming  in  sight.  To  the  east  and  south-east  are  seen  ranges  of  flat 
hills  and  mountains,  among  which  can  be  distinguished  the  cone  of  Hecla ;  on 
the  opposite  side,  behind  the  Langafyell,  the  ByamefyeU,  higher  and  steeper, 
and  mostly  veUed  in  dark  blue  clouds,  clothed  at  its  foot  with  grass,  but  at  the 
top  showing  naked  crags,  on  which  lie  bare  strata  of  trap-rock  and  palagonite. 
From  a  considerable  distance  the  traveller  perceives,  at  the  foot  of  the  Langa- 
fyell,  light  clouds  of  steam  rising  out  of  the  ground,  or  sometimes  thick  columns 
of  smoke  whirling  upwards  in  the  air,  but  he  soon  finds  himself  in  the  midst  of 

*  "  Cosmos/*  ante  cit.  vol.  i.  p.  812. 
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a  complicated  ajBUim  of  boiling  Bprinn,  which  br«ak  brill  from  a  Tolcanic 
ohatm,  eitending  in  the  direction  of  norUi-north-eaat.  The  Talley  of  the  Oejiiir 
ifl  iDO^tlj  filled  with  n  new  aHavvamj  wbjoh  has  here  and  there  undergone  ft 
subsequent  eleration,  eitcnding  narthwards  from  the  apring,  in  a  broad  ridge. 
Through  this  soil,  which  has  h«en  graduallj  OTerlaid  by  a  thick  atratum  of  sUi- 
oeons  sinter,  the  deposit  from  the  springs,  Ui«  QoyBir  biints  forth,  and  from  the 
boritontal  beds  of  this  deposit,  thwe  has  formed  id  TaiiODS  prop<ntioils  round 
Pig.  21. 


The  Ocyiin  of  Iceland, 
the  Gejrair  and  amaller  fountains,  a  flattened  cone,  in  the  midst  of  which  is  a 
perpendicular  orhndrical  funnel  of  larger  and  smaller  diameter.  In  ordinary 
drcumstasces,  the  basin  of  the  Oejsir  is  filled  with  crystal'clear  sea-green  water, 
of  the  temperature  of  180°  Fahr.,  and  it  flowe  in  three  small  channels  OTer  the 
eastern  alope  of  the  oone.  After  some  time,  a  sound,  as  of  aubterrajiean  thunder, 
caa  be  distiivuished,  resembling  that  made  bj  a  Toloano  during  an  eruption, 
and  then  a  slight  tremulous  motion  may  be  perceiTed  on  the  rim  of  the  foun- 
tain. When  this  has  lasted  some  seconds,  it  ceases  perhaps  for  a  time,  and  then 
begins  again  with  inoreased  force,  the  wat^r  in  the  1^in  hegina  to  aw^l,  and  the 
sunaoe  becomea  conTex,  and  at  the  same  time  great  bubbl^  of  steam  rise  to  the 
surface  and  burst,  throwing  up  the  boiling  wat«r  some  feet  high.  Then  it  is 
again  etill,  and  the  whole  fountain  is  enveloped  in  clouds  of  steam.  This  phie- 
nomenon  is  repeated  at  regularly  recurriog  intervals  of  an  hour  and  twenty 
miniltM  to  an  hour  and  a  half,  perhaps  for  a  day,  until  it  auddenly  assumes  a 
different  character.  A  heaner  thunder  is  heard  below  ;  the  water  swells  vio- 
lently, and  begins  to  heave  and  dash  in  the  atrongest  agitation ;  and  after  a  few 
minutes,  there  shoote  up  a  colmnn  of  water  dispersiiig  at  the  summit  into 
dmrfing  white  foam ;  this  hoi  scarcely  reached  to  a  height  of  from  80  to  100 
feet,  when,  befmv  ite  drops  have  had  time  to  fall  to  the  ground,  a  second,  and 
third  follows,  and  rises  still  higher.     Larger  and  SHuUer  jets  now  shoot  forth  in 
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all  directions,  some  sideways  in  arches,  others  perpendicularly  upwards,  with  a 
loud  hiss  like  that  of  a  rodket ;  enormous  clouds  of  steam  roll  upwards ;  then 
comes  a  loud  detonation  from  below,  followed  by  another  column  of  water  higher 
than  any  of  the  preceding  ones,  and  mingled  with  stones ;  and  after  the  phsBno- 
menon  has  lasted  for  a  few  minutes,  the  whole  faHs  and  yanishes  like  tne  fim- 
tastic  pageantry  of  a  dream.  Before  the  clouds  of  steam  haye  had  time  to 
disperse,  or  the  boiling  water  to  run  off  the  sides  of  the  cone,  the  basin  which 
had  seemed  full  to  the  brim  appears  almost  dry,  the  water  haying  sunk  nearly 
three  feet*. 

162.  Besides  these  sources  of  water  at  a  boiling  temperature, 
there  are  many  instances  in  various  parts  of  the  world  where  water 
rising  in  springs  from  below  the  stratum  of  invariable  temperature 
(see  §  93),  conveys  to  us  some  information  concerning  the  con- 
dition of  the  interior,  and  usually  has  a  temperature  greater  in 
proportion  to  the  depth  of  the  source,  if  that  can  be  traced.  Such 
water  also  comes  to  the  surface  charged  with  mineral  substances, 
including  gases,  which  are  ofben  sufficient  to  give  a  distinct  cha- 
racter to  the  water,  rendering  it  useless  for  ordinary  cuKnary 
purposes,  but  valuable  in  medicine,  and  in  the  treatment  of  various 
diseases.  Thermal  and  mineral  springs,  as  such  sources  are  called, 
have  thus  become  of  considerable  economic  interest.  All  springs 
of  water  containing  mineral  substances  in  solution  or  suspension, 
and  having  a  uniform  temperature  throughout  the  year,  above  the 
mean  temperature  at  the  surface,  may  be  considered  to  belong  to 
this  group. 

163.  Generally,  but  not  always,  hot  springs  are  situated  near 
either  recent  or  ancient  volcanoes,  as  those  on  the  slopes  of  Etna 
and  Vesuvius  on  the  one  hand,  and  those  at  TopHtz,  Pesth  in 
Hungary,  Auvergne,  and  the  Euganean  hills,  on  the  other.  Those 
in  the  Eifel,  and  the  Pyrenees,  and  others  in  the  Alps,  besides 
many  more  in  similar  districts,  have  evidently  relation  to  some 
local  conditions  independently  of  present  volcanic  force.  Many, 
indeed,  as  the  hot  springs  at  Bath,  those  of  Buxton,  and  elsewhere 
in  Derbyshire,  and  others,  cannot  be  traced  to  volcanic  agency, 
commomy  so  called,  but  great  mechanical  disturbances  and  dis- 
ruptions have  occurred  in  the  rocks  through  which  the  water 
passes. 

164.  Mineral  waters  having  a  temperature  above  the  mean 
annual  temperature  of  the  surface  generally  contain  nitrogen, 
sulphuretted  hydrogen,  or  carbonic  acid  gases,  and  a  variable  pro- 
portion of  certain  salts,  of  which  muriates,  carbonates,  and  sul- 
phates of  lime,  magnesia,  soda,  or  potash,  are  the  most  active  and 
abundant.  They  also  contain  iron  very  frequently,  and  occasionally 
a  small  proportion  of  some  one  or  more  of  the  following  sub- 
stances:— ^ammonia,  iodine,  bromine,  fluorine,  phosphorus,  lithia, 

*  Von  Waltenhausen,  "  Skine  von  Island." 
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strontia,  baryta,  and  manganese.  As  affordii^  the  best  means  of 
forming  an  idea  of  the  relative  proportion  of  these,  a  table  is 
appended  selected  from  that  given  by  Dr.  Daubeny  in  the  second 
edition  of  his  work  on  Volcanoes. 

165.  Besides  those  in  the  table  may  be  inentioned  the  springs  of  St.  Genrais, 
in  Savoy,  which  have  a  temperature  of  106°  Fahr.,  and  contain  45^  gnuns  of 
sulph.  soda  and  lime  and  mur.  soda  and  magnesia  in  each  pint  of  the  water ;  the 
spring  of  Acqua  della  Bolenta,  in  Piedmont,  temperature  107^  Fahr. ;  those  of 
Abano,  near  Padua,  121° ;  the  Baths  of  Nero,  also  121° ;  spring  at  Ischia, 
varying  from  83^  to  94^^° ;  various  springs  in  the  north-western  provinces  of 
Spain,  ranging  from  192°  to  107° ;  others,  in  Southern  Spain  (Murcia)  104°  to 
113°  Fahr. ;  several  in  Portugal,  from  76°  to  95°  j  and  the  following,  also  in 
Portugal,  all  above  100°  Fahr. — Mon^ao,  near  Ucana  (province  of  Minho),  109^°; 
Torres  Vedras  (Estremadura),  111'  j  Lagiosa,  near  Viseu  (Beira),  120° ;  Gui- 
marens  (Minho),  138° ;  Chaves,  near  Braganza  (Tra  los  Montes),  141°*8 ;  and 
San  Pedro  Dosul  near  Viseu  (Beira),  153i®. 

In  Greece,  there  ore  springs  near  the  Pass  of  Thermopylse,  whose  heat  is  113°, 
besides  several  others  of  lower  temperature ;  and  in  European  Turkey,  several 
groups,  one  of  which,  near  the  Balkan,  has  a  temperature  of  162^°. 

Sev^itd  warm  springs  have  been  discovered  in  North  America,  ranging  fr^m 
70^  to  110°  Fahr.,  and  there  are  certainly  many  much  hotter  which  have  not 
yet  been  ascertained  with  sufficient  accuracy  to  enable  us  to  record  them  here. 
South  America  exhibits  numerous  examples  of  similar  phsenomena,  and  they 
have  been  met  with  in  several  islands  of  die  Australasian  Archipelago. 

In  addition  to  the  substances  mentioned  in  the  preceding  table,  many  of  the 
warm  springs  contain  silica  in  considerable  abundance. 

166.  In  various  parts  of  the  world,  and  at  various  times,  there 
have  been  felt  movements  of  the  superficial  crust  of  the  earth, 
consisting  for  the  most  part  of  one  or  more  rapidly  succeeding 
undulations,  accompanied  often  by  sounds,  and  traSseable  distinctly 
in  some  particular  direction,  chiefly  linear,  taking  time  to  proceed 
fi?om  one  point  to  another.  They  are  called  earthquakes,  and  not 
only  occur  in  all  volcanic  countnes,  but  in  many  districts  which 
present  no  mark  whatever  of  volcanic  origin,  and  no  trace  of  vol-' 
canic  products.  The  undulations  vary  greatly  in  number  and 
frequency,  both  on  each  particular  occasion  of  earthquake  dis- 
turbance and  in  a  given  time,  and  they  seem  more  frequent  and 
more  widely  traceable  than  has  been  generally  supposed. 

167.  The  movements  of  the  earth  in  those  shocks  that  have  been  felt  in 
volcanic  countries,  are  described  as  of  three  kinds,  namely : — 

1st.  2^  Undulatory  Motion^  which  takes  place  horizontally,  and  heaves  the 
ground  successively  upwards  and  downwards,  proceeding  onwards  in  a  uniform 
direction. 

2nd.  The  Succussive  Motion^  in  which  the  ground  is  heaved  up  in  a  direction 
more  or  less  approaching  to  the  perpendicular,  as  happens  in  the  explosion  of  a 
mine. 

8rd.  Hie  Vorticose  Motion,  which  seems  to  be  a  combination  of  the  two 
preceding  ones,  several  undulations  taking  place  contemporaneously,  and  thus 
interfering  one  with  the  other,  so  that  during  its  continuance,  the  siurface  of  the 
land  is  tossed  about  somewhat  in  the  same  manner  as  that  of  the  sea  during 
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the  prevalence  of  a  storm,  when  a  number  of  billows,  trayelling  in  different 
directions,  strike  one  against  the  other,  and  thus  produce  every  possible  com- 
plexity  of  movement. 

Of  these  three  kinds  of  earthquake-shocks,  the  first  are  the  most  common  and 
the  most  harmless.  From  the  second,  that  of  succussion,  more  is  to  be  appre- 
hended ;  but  the  vorticose  movement  is  the  one  which  has  been  felt  in  the  most 
violent  and  disastrous  catastrophes  on  record*.     (See  §  177.) 

168.  A  hollow  noise  often  accompanies  or  precedes  the  shock 
of  an  earthquake,  but  is  occasionally  heard  some  time  after  it.  At 
other  times  no  sound  whatever  has  been  recognized.  ThuB  the 
great  earthquake  of  Biobamba  in  1797  occurred  without  noise ; 
and,  on  the  other  hand,  there  was  heard  on  one  occasion  in  the 
Garaccas  a  loud  noise  resembling  thunder  without  any  earthquake; 
but  at  the  same  moment  that  a  volcano  in  the  Island  of  St.  Yin- 
cent,  more  than  600  miles  distant,  was  pouring  out  a  prodigious 
stream*  of  lavaf.  These  phsenomena  oi  sound  are  very  striking, 
and  also  very  variable,  but  they  all  seem  to  prove  that  the  cause 
of  the  disturbance  with  which  they  are  connected  is  deeply  seated, 
and  extends  widely  over  the  internal  surface  of  the  earth's  crust. 

169.  Some  statistics  have  been  obtained  regarding  3482  distinct  earthquakes 
that  have  occurred  in  Europe  and  the  adjacent  parts  of  Asia  and  Africa,  be- 
tween the  commencement  oi  the  fourth  century  and  the  year  1844  inclusive. 
Of  these  the  dates  of  nearly  3000  are  known,  and  they  have  been  found  to  be 
thus  distributed  in  the  different  months  of  the  year  J : — 

December...  300]  June 201 

Januoiy   ...  836  tor 911  in  winter.  July 216 

February...  275 J  August 236 

March  265]  September   ...  221 

April    235  tor  710  in  spring.  October   262 

May 210j  November    ...  232 

There  have  thus  been  1712  recorded  eruptions  between  the  1st  of  October 
and  the  81st  of  March,  and  only  1335  from  the  1st  of  April  to  30th  of  Sep- 
(tember.  This  general  result  is  remarkable  as  being  in  conformity  with  the 
more  detailed  observations,  and  also  because  it  appears  that  in  each  particular 
year  the  same  order  was  observed ;  but  it  must  not  be  regarded  as  important 
with  respect  to  the  general  phsenomena  of  earthquakes  in  other  districts,  where 
other  results  may  be  obtained. 

170.  In  addition  to  known  volcanic  districts,  which  are  always 
subject  to  earthquake  action,  distinct  shocks,  often  of  very  small 
amount,  and  not  sufficient  to  do  material  damage,  have  occurred 
in  almost  every  country  in  Europe.  There  is  generally  but  little 
connexion  to  be  traced  between  those  of  distant  countnes. 

In  Scandinavia,  M.  KeUhau  has  recorded  several  shocks,  and  there  seems  no 
doubt  that,  with  proper  instruments,  the  number  within  a  given  period  would 
be  found  much  greater  than  is  yet  ^own.  On  the  31st  of  August,  1819,  one 
occurred  having  a  wide  range,  and  there  were  several  between  the  7th  of  March 
and  29th  of  I^ovember,  1827.  In  January,  1845,  an  earthquake  was  felt  at 
Arendal,  in  Norway ;  and  in  April,  1841,  sl^ht  shocks  were  noticed  in  Jutland. 

*  Dauben^  on  Volcanoes,  second  edition,  p.  509.  t  "  Cosmos,"  vol.  i.  p.  195. 

X  **  Histoure  des  Progr^  de  la  Gtologie,"  vol.  i.  p.  d06. 
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Within  the  British  Islands,  but  especially  in  North  Britain,  a  large  number 
of  recent  earthquake  observations  have  been  made,  proving  frequent  but  yerv 
small  oscillations  in  certain  districts.  Small  movements  also  near  the  Cornish 
coast,  producing  a  slight  shake,  were  felt  in  July,  1843 ;  and  on  the  22nd 
of  December,  in  the  same  year,  considerable  shocks  occurred  in  Brittany.  Va- 
rious parts  of  France  and  Germany  have  been  subjected  to  slight  disturbances, 
which  are  chiefly  felt  in  the  valleys  of  the  great  rivers.  North  Italy  has  had 
many,  some  being  of  great  magnitude,  besides  an  infinity  of  smaller  extent. 
Spain  also  has  had  several;  and  with  regard  to  Portugal,  one  of  the  most 
remarkable  earthquakes  on  record  destroyed  the  city  of  Lisbon,  in  1755,  and 
has  long  been  referred  to  and  described  as  exhibiting  pheenomena  of  the  highest 
interest,  and  extending  over  an  extent  of  country  so  wide  that  its  source  must 
have  been  very  deeply  seated  and  of  correspondmg  energy  (see  §  174).  Both 
South-eastern  and  North*eastem  Europe,  as  well  as  Hungary,  are  frequently 
subject  to  slight  disturbances  of  the  sur&ce,  no  less  than  318  having  been  re* 
corded  as  occurring  in  the  vall^  of  the  Danube  since  the  commencement  of  the 
fourth  century,  wmle  Syria  and  Asia  Minor  have  been  long  exposed  to  much 
more  violent  shocks.  North  Africa  partakes  of  the  movements  of  the  northern 
and  eastern  shores  of  the  Mediterranean.  Russia  seems  to  be  the  country  where 
there  occur  the  smallest  number  of  earthquakes,  and  in  the  Ural  Mountains 
they  are  almost  unknown. 

171.  While  the  whole  of  Europe  and  the  adjacent  countries  are 
thus  manifestly  acted  on  by  subterranean  forces,  which  are  with 
few  exceptions  sudden  and  momentary,  and  very  often  extremely 
small  both  in  local  effect  and  extent,  Central,  Eastern,  and  Southern^ 
Asia,  and  the  islands  between  Eastern  Asia  and  the  Australasian 
Archipelago,  are  from  time  to  time  subjected  to  more  continuous, 
more  severe,  and  far  more  destructive  concussions,  often  shaking 
wide  tracts.  In  those  countries  also,  whenever  careful  observar 
tions  are  made,  the  annual  number  of  small  shocks  is  found  to  be 
veiy  considerable. 

The  whole  chain  of  the  Andes,  and  much  adjacent  country,  but 
especially  the  central  Cordilleras  and  Mexican  Andes,  are  exposed 
to  every  kind  of  subterranean  disturbances.  The  length  of  the 
line  along  which  these  phsBnomena  are  both  common  and  violent  is 
not  less  than  1000  nules,  but  the  lateral  extension  does  not  seem 
very  great,  although  more  considerable  on  the  Pacific  coast  than 
towards  the  interior.  North  America,  especially  in  the  valley  of 
the  Mississippi,  is  also  frequently  shaken ;  and  the  islands  of  the 
Pacific  are  many  of  them  known  to  undergo  a  like  series  of  move- 
ments. 

172.  It  thus  appears  that  either  the  whole  or  some  parts  of 
every  large  tract  of  land,  besides  numerous  islands  and  portions  of 
the  sea-bottom,  are  exposed  to  the  disturbing  forces  we  are  now 
considering.  It  cannot,  therefore,  be  doubted  that  there  is  every- 
where beneath  the  surface  some  tendency  to  paroxysmal  move- 
ments, commencing  at  variable  but  sometimes  considerable  depth 
beneath  the  surfiEice,  having  little  reference  to  each  other,  though 
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not  unfrequently  repeated  in  nearly  the  same  direction  and  over 
the  same  area.  Many  districts  in  which  the  shocks  of  earthquakes 
often  recur  are  imqucetionahly  those  in  which  volcanoes  act ;  and 
certain  relations  have  been  established  between  volcanic  eruptions 
uud  earthquake  movements,  which  should  on  no  account  be  lost 
sight  of.  Still  there  are  so  many,  and  such  important  exceptions 
to  these  appu«nt  relations,  and  the  subject  is  snll  so  obscure,  that 
many  observations  are  needed  before  a  satisfactory  conclusion  can 
he  arrived  at. 

173.  The  actual  extent  or  range  of  the  shock  in  each  particular 
case  varies  almost  infinitely,  the  smaller  movements  being  only 
just  traceable,  and  not  affecting  at  the  same  time  more  than  a 
single  village  or  a  few  square  mSes,  while  the  larger  shocks  range 
not  only  over  tracts  many  hundred  miles  in  lei^h  and  breadui, 
but  across  wide  oceans,  and  &om  one  continent  to  another.  The 
latter  kind  are,  bovrever,  comparatively  rare ;  and  in  describing 
one  or  two  a  sufficient  idea  wiH  be  obtamed  of  the  more  important 
facts.  In  moat  of  the  movements  of  small  extent  and  frequent 
recurrence  little  injury  is  done,  the  disturbance  not  affecting  more 
than  a  single  buildmg  or  part  of  a  building. 

174.  The  toUovring  account  of  the  great  earthquake  that  deetrojed  Liaboii  on 
the  let  of  NoTember,  1765,  well  describes  tlio  chief  phffiDomeaa.  The  citf  had 
also  Buffered  greatly  by  an  (srthquake  in  1531,  and  much  damsgH  had  then 
been  done  b;  an  accompanying  ware,  described  as  a  great  swell.  We  extract 
Qie  account  from  a  work  published  in  1767- 

"  There  was  a  sensible  trembling  of  the  earth  in  1750,  after  which  it  was 
eioeaaivelj  dry  for  four  years  together,  insomuch  that  some  springs  formerly 
rcry  plentitiil  of  vaiee,  were  dried,  and  totally  lost,  at  the  Bsme  time  the  pre- 
dominant winds  were  east  and  north-east^  accompanied  with  Tarions,  though 
very  small,  tremors  of  the  earth.  The  year  17B5  proved  very  wtt  and  rainy, 
the  summer  cooler  than  usual,  and  for  forty  days  before  the  great  earthquake 
clear  weather,  yet  not  remarkably  eo.  The  Slst  of  October,  the  atmosphere 
and  light  of  the  sun  had  the  appearance  of  clouds  with  a  notable  obfuscation. 
The  let  of  Kovember,  early  in  the  morning,  a  thick  fog  arose,  which  was  soon 
dissipated  by  the  heat  of  the  son,  no  wind  stirring,  the  sea  calm,  and  the  wea- 
ther as  w»xm  as  in  England  in  June  or  July.  At  35  minutes  afier  9  o'clock, 
without  the  least  warning,  eicept  a  rumbling  noise,  not  unlike  the  artificial 
thunder  at  our  theatres,  immediate!;  precedmg,  a  most  drtadfiil  earthquake 
shook  bjf  Aort,  hut  quick  vibrations,  the  foundationB  of  all  Lisbon,  so  that 
many  of  the  tallest  ediSces  fell  that  instant.  Then,  with  a  scarcely  perceptible 
pause,  the  nature  of  the  motion  changed,  and  every  building  was  tossed  like  a 
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nor  did  the  masters  know  if  thej  were  afloat  or  aground.  The  large  new  quay 
called  Cays  D^reda,  was  overturned,  with  many  hundreds  of  people  on  it,  and 
sunk  to  an  immthomable  depth  in  the  water,  not  so  much  as  one  body  after- 
wards appearing.  The  bar  was  seen  dry  from  shore  to  shore ;  then  suddenly 
the  sea,  like  a  mountain,  came  rolling  in ;  and  about  Belem  Castle  the  water 
rose  50  feet  almost  in  an  instant;  and  had  it  not  been  for  the  great  bay 
opposite  to  the  city,  which  received  and  spread  the  great  flux,  the  low  part  of 
it  must  have  been  imder  water.  As  it  was,  it  came  up  to  the  houses,  and  drove 
the  inhabitants  to  the  hills.  About  noon,  there  was  another  shock,  when  the 
walls  of  several  houses  which  were  yet  standing,  were  seen  to  open  from  top  to 
bottom  more  than  a  quarter  of  a  yard,  but  closed  again  so  exactly  as  to  leave 
scarce  any  mark  of  the  injury. 

"This  earthquake  came  on  three  days  before  the  new  moon,  when  three- 
quarters  of  the  tide  had  run  up.  The  direction  of  its  progress  seems  to  have 
been  from  north  to  south  nearly,  for  the  people  on  the  river,  south  of  the  town, 
observed  the  remotest  buildings  to  fall  first,  and  the  sweep  to  be  continued 
down  to  the  water's  side.  Few  days  passed  without  some  shock  for  the  space 
of  an  ensuing  year.  October  10th,  1756,  at  11  o'clock  at  night,  there  was  one 
which  threw  down  the  greatest  part  of  an  hotel  in  the  pansh  of  St.  Andrew ; 
and  the  1st  of  November,  1756,  being  the  anniversary  of  the  fatal  tragedy  of 
this  imhappy  city,  another  shock  gave  the  inhabitants  so  terrible  a  fresh  ahurm, 
that  they  were  preparing  for  their  flight  mto  the  country,  but  were  prevented 
by  several  regiments  of  horse  placed  all  round  by  the  king's  orders." 

175.  The  earthquake  of  Lisbon  was  not  confined  to  the  spot  at  which  the 
chief  mischief  was  effected.  At  Oolares,  at  a  distance  of  about  twenty  miles, 
three  distinct  shocks  were  felt  on  the  1st  of  November,  accompanied  by  the 
emission  of  a  quantity  of  smoke,  and  the  fountains  were  affected.  At  Ooimbra 
several  buildii^  were  destroyed;  at  Oporto  the  shocks  were  felt  for  six  or 
seven  minutes,  during  which,  everything  shook  and  rattled;  the  river  also 
being  much  affected.  In  Spain,  at  and  near  Cadiz,  the  destruction  was  only 
inferior  in  importance  to  that  experienced  at  Lisbon,  the  shocks  commencing 
some  minutes  after  9  A.M.,  and  at  11,  a  wave  coming  in  described  as  60  feet 
higher  than  common.  At  Gibraltar,  a  tremulous  motion  was  felt  about  10 
minutes  after  10  o'clock ;  and  at  Madrid  at  5  minutes  before  10  o'clock ;  the 
indications  in  each  case  very  decided,  but  the  result  not  very  destructive.  Ma- 
laga felt  a  violent  shock ;  and  at  SeviLle  the  earthquake  damaged  the  cathedral, 
and  kUled  several  people.    All  Spain  was  more  or  less  affected. 

Out  of  the  Fenmsi:da,  France  was  affected  in  several  places  on  the  same  day, 
and  at  various  parts  of  the  Normandy  coast,  at  about  11  o'clock,  much  dis- 
turbance was  observed  in  the  motion  of  the  ocean.  Near  Angouleme  a  sub- 
terranean noise  was  heard,  aft;er  which  the  earth  opened  and  discharged  a 
torrent  of  water  mixed  with  red  sand.  In  Italy,  earthquakes  were  felt  at 
Milan,  and  at  Turin ;  and  the  waters  of  the  Mediterranean  were  greatly  dis- 
turbed, especially  about  the  Island  of  Corsica,  where  there  was  also  a  slight 
shock.  In  Switzerland  great  agitation  was  noticed,  chiefly  in  the  waters  of  the 
Lakes  of  Geneva,  NeufcMtel,  and  Zurich. 

While  these  parts  of  Europe  were  disturbed,  movements  were  also  felt  in 
Germany,  where  the  waters  of  several  of  the  principal  rivers  were  disturbed, 
and  some  towns,  as  Strasburg  and  Stutgard,  suffered  slightly  fr^m  earthquake 
shocks.  The  same  took  pla^  in  Holland,  Norway,  and  Bohemia,  the  indica- 
tions of  disturbance  being  in  all  cases  chiefly  seen  in  the  rivers,  and  in  deep 
springs  of  water,  which  were  evidently  shaken,  and  often  rendered  muddy. 
This  occurred  especially,  at  TbpHtz,  at  Amsterdam,  Haarlem,  Leyden,  Rotter- 
dam, and  the  Hague. 
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The  BritiBh  IsIandB  experienced  this  shock  in  varions  ways,  but  chiefly  also 
in  the  distu]4>aace  of  rivers,  ponds,  and  springs  of  water.  Shocks,  however, 
were  distinctly  felt  in  the  lead  mines  of  the  Peak  of  Derbyshire,  and  near 
Beading  in  Berkshire.  Various  movements  of  the  water  were  seen  along  the 
coast,  but  most  distinctly  on  the  southern  and  eastern  shores  of  England ;  and 
also  in  Loch  Lomond  and  Loch  Ness,  in  Scotland,  and  in  the  Lakes  of  Cum- 
berland. On  the  coast  of  Ireland  the  same  phsenomena  were  observed ;  and  at 
Cork  there  were  two  shocks  of  an  earthquake.  The  amount  of  rise  of  the 
water  varied  considerably,  but  seems  to  have  been  about  equivalent  to  a  general 
upheaval  of  the  bed  of  the  ocean,  lake,  or  stream,  to  an  extent  of  from  10  to 
30  inches  in  vertical  height.  The  time  of  the  disturbances  in  England 
was,  in  different  places,  from  half-past  9  to  11  o'clock,  although  with  some 
exceptions. 

Besides  these  places  in  Europe,  many  parts  of  Africa  were  affected,  espectally 
on  the  Mediterranean  coast,  Algiers,  Morocco,  Tangier,  and  Tetuan,  being  all 
injured  by  severe  earthquakes.  In  the  Atlantic,  the  Island  of  Madeira  and  the 
Canary  Islands  suffered ;  the  water  rose  in  the  sea  at  Antigua  and  Barbadoes ; 
and,  in  the  open  ocean,  several  ships  were  violently  agitated  by  sudden  and 
considerable  waves. 

It  has  been  observed,  that  besides  a  multitude  of  other  places,  this  great 
earthquake  was  very  sensibly  felt  in  Europe,  at  Fahlun  in  Sweden ;  in  Africa 
at  the  capital  of  the  empire  of  Morocco ;  and  in  America  at  the  Island  of  Bar- 
badoes. Between  Fahlun  and  Barbadoes  are  70°  of  a  great  carde,  nearly ; 
between  Barbadoes  and  Morocco  49°,  and  between  Morocco  and  Fahlun,  33" 
of  the  like  degrees.  Now  these  constitute  the  three  sides  of  a  spherical  triangle, 
to  which,  if  a  well-known  theorem  be  applied,  it  will  be  found,  that  the  effects 
of  the  earthquake  of  the  1st  of  November,  1755,  were  distributed  over  very 
nearly  4,000,000  of  English  square  miles  of  the  earth's  surfieuje ;  a  most  asto- 
nishing space,  and  greatly  surpassing  anything  of  this  kind  ever  recorded  in 
history*. 

176.  The  permanent  results  of  earthquake  jnovements,  or  of  the 
transmission  of  a  wave  through  the  earth  iq  any  district,  may  be 
of  two  kinds :  either  a  mere  cracking  and  splitting  of  certain  rocks, 
and  a  consequent  removal  to  a  short  distance  of  those  which  were 
in  doubtful  equilibrium ;  or  the  positive  elevation  or  depression  of 
an  area  more  or  less  extensive. 

It  is  chiefly  in  vmcanic  districts  that  the  former  and  least 
considerable  result—that  of  splitting  and  slightly  upheaving  or 


Fig.  23. 
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Alterations  of  level  produced  )>y  Earthquakes. 


depressiQg  small  portions  of  the  surface  has  been  observed,  and 
examples  figured  in  the  annexed  diagrams,  flgs.  22,  23,  24,  will 
enable  the  reader  to  understand  the  nature,  and  something  also 
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of  the  relative  extent  of  the  disturbance.  A  chasm  thus  formed 
in  Calabria  has  been  found  to  measure  as  much  as  a  miLe  in  length, 
105  feet  in  breadth,  and  30  feet  in  depth.  Another  was  three- 
quarters  of  a  mile  long,  150  feet  broad,  and  above  100  feet  deep, 
and  a  third  a  quarter  of  a  mile  long,  30  feet  broad,  and  225  feet 
deep*. 

"  Sir  W.  Hamilton  was  shown  several  deep  fissures  in  the  viciniiy  of  Mileto, 
which,  although  not  one  of  them  was  above  a  foot  in  breadth,  had  opened  so 
wide  during  the  earthquake  as  to  swallow  an  ox  and  nearly  one  hundred  goats. 
The  Academicians  also  found,  on  their  return  through  districts  which  they  had 
passed  at  the  commencement  of  their  tour,  that  many  rents  had,  in  that  short 
interval,  gradually  closed  in,  so  that  their  width  had  diminished  several  feet, 
and  the  opposite  walls  had  sometimes  nearly  met.  It  is  nattiral  that  this 
should  happen  in  argillaceous  strata ;  while  in  more  solid  rocks,  we  may  expect 
that  fissures  will  remain  open  for  agesf*" 

.  177.  The  following  is  the  order  of  the  phsenomena  of  an  earthquake  occurring 
at  or  near  the  sea^  according  to  Mr.  Mallet,  who  has  lately  paid  careful  atten* 
tion  to  the  physical  and  mathematical  problems  connected  with  these  dis- 
turbances : — 

"  First,  we  have  the  earth  eN>und-wave,  and  the  great  earth-wave,  or  shock ; 
tlie  sound-wave  through  the  air  $  the  sea- wave  occurring  at  the  time,  called  the 
forced  sea-wave ;  and  the  great  sea-wave ;  all  originating  at  the  same  moment 
and  produced  by  one  impulse. 

"The  sound-wave  through  the  earth,  and  the  great  earth-wave  or  shock, 
arrive  first,  and  are  heard  and  felt  on  land,  accompanied,  as  £90:  as  the  beach, 
by  the  small  sea-wave  called  the  forced  sea-wave ;  these  are  almost  instantly 
succeeded  by  the  sound-wave  through  the  sea ;  next  arrive  the  aerial  waves  of 
sound,  and  continue  to  be  heard  for  a  longer  or  a  shorter  time ;  and  finally, 
the  great  sea-wave  roUs  in  upon  the  shore. 

**  The  velocity  of  the  land-wave,  and  that  of  the  accompanying  sea-wave 
being  ascertained,  it  would  seem  possible  to  determine  the  distance  ^ut  of  sea) 
from  the  spot  affected  at  which  the  earthquake  originated.  But  the  former  will 
varj  with  the  nature  of  the  rock  through  which  it  is  transmitted,  for  the  harder 
and  more  elastic  the  rock  is,  the  greater  will  be  the  velocity  of  the  earth-wave 
produced,  and  vice  versd, 

*'  Now  whilst  the  elasticity  of  cast  iron  is  5*895,  that  of  limestone  varies 
from  2*4  to  '635  j  slate  being  7*8 ;  Portland  stone,  1*57 ;  and  white  marble, 
2*15.  From  these  data  we  may  calculate  that  the  velocity  of  the  wave-transit 
per  second  in 

Limestone  (soft  has)  was  8,640  feet  or  40  miles  per  minute. 

Sandstone 5,248    „       57  „ 

Portland  stone 5,723    „       62  „ 

Marble  6,696    „       73  „ 

Carboniferous  limestone..  7,075    „       78  „ 

Clay-slate 12,757    „      140  „ 

**  The  observed  speed  of  the  great  Lisbon  earthquake,  according  to  Mitchell, 
was  only  1750  feet  per  second,  the  difference  being  assignable  to  breaches  of 
continuity  and  other  causes  of  retardation.  The  sea- wave,  on  the  contrary,  had 
not  one-tenth  of  that  velocity,  or  did  not  travel  more  than  175  feet  per  second ; 
so  that,  if  the  intervid  of  time  between  the  two  was,  as  it  is  reported,  half  an 

*  Lyell't  "  Principles,*'  ante  cit,  p.  459>  t  Lyell,  ante  cit,  p.  460. 
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hour,  the  focuB  of  the  impelling  force  would  hare  been  about  sixty  miles  distant 
from  the  land*." 

178.  The  phsenomena  of  volcanoes  come  next  in  order  for  con- 
sideration ;  and  of  these  the  formation  of  the  volcano  of  Jorullo  is 
particularly  interesting,  as  it  exhibits  an  instance  of  the  elevation 
of  a  mountain  of  scoriae  and  ashes  1695  feet  above  the  level  of  the 
adjoining  plains,  in  the  interior  of  a  continent  106  miles  distant 
from  the  coast,  and  very  far  from  any  active  volcano.  The  eleva- 
tion took  place  in  the  plain  of  Malpais  on  the  western  side  of  the 
city  of  Mexico,  the  plam  being  about  2500  feet  above  the  sea,  and 
bounded  by  basaltic  mountains. 

In  the  month  of  June,  1759,  a  subterranean  noise  was  heard, 
and  hoUow  sounds  of  the  most  alarming  nature  were  accompanied 
by  frequent  earthquakes,  which  succeeded  each  other  for  from  fifty 
to  sixty  days.  From  the  beginning  of  September,  however,  every- 
thing seemed  to  announce  the  complete  re-establishment  of  tran- 
quillity, when  in  the  nights  of  the  28th  and  29th  the  horrible 
subterraneous  noise  recommenced,  and  the  frightened  Indians  fled. 
A  tract  of  ground  from  three  to  four  square  miles  in  extent  then 
rose  up  in  the  shape  of  a  bladder,  and  the  bounds  of  this  convul- 
sion are  still  distmguishable  from  the  fractured  strata;  but  so 
completely  is  the  bladder  shape  to  be  traced,  that  while  near  its 
edges  the  district  is  only  39  feet  above  the  old  level  of  the  plain, 
the  convexity  increases  towards  the  centre  to  an  elevation  of  524 
feet.  (See  fig.  25.) 

Those  who  witnessed  this  catastrophe  from  a  neighbouring 
elevation,  assert  that  flames  were  seen  to  issue  forth  for  an  extent 
of  more  than  half  a  square  league,  that  fragments  of  burning  rock 
were  thrown  to  prodigious  heights,  and  that  through  a  thick  cloud 
of  ashes  illumined  by  volcanic  fire,  the  softened  surface  of  the  earth 
was  seen  to  swell  up  like  an  agitated  sea.  Two  rivers  precipitated 
themselves  into  the  burning  chasms,  and  the  decomposition  of  the 
water  doubtless  contributed  to  invigorate  the  flames,  which  were 
distinguishable  at  the  city  of  Pascuaro,  more  than  thirty  miles 
distant,  and  situated  on  an  extensive  table-land  nearly  5000  feet 
above  the  plains.  Eruptions  of  mud,  and  especially  of  strata  of 
clay,  enveloping  balls  of  decomposed  basalt  in  concentric  layers, 
appeared  to  indicate  that  subterranean  water  had  no  small  share 
in  producing  this  extraordinary  phsenomenon.  Thousands  of  small 
cones  from  6  to  10  feet  high,  called  by  the  natives  ovens  (hornitos), 
issued  forth  from  the  Jlkfidpais;  and,  although,  according  to  the 
testimony  of  the  Indians,  the  heat  of  these  volcanic  ovens  had 
suffered  a  great  diminution  within  fifteen  years  of  Humboldt's 
visit,  he  states  that  he  has  seen  the  thermometer  rise  to  212*»Pahr. 

*  Daubeny  on  Volcanoes,  lecond  edition,  p.  525. 
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on  being  plunged  into  fissures  which  exhale  aqueous  vapour.  Each 
small  cone  is  2,fwma/role^  from  which  a  thick  vapour  ascends  to  the 
height  of  from  22  to  32  feet,  and  in  many  of  them  a  subterranean 
noise  is  heard,  which  appears  to  announce  the  proximity  of  a  fluid 
in  ebullition. 

In  the  midst  of  the  ovens  six  large  masses,  elevated  from  300  to 
1600  feet  each  above  the  old  level  of  the  plains,  sprung  up  from  a 
chasm,  of  which  the  direction  is  N.N.E.  and  S.S.W.  The  most 
elevated  of  these  enormous  masses  is  the  great  volcano  of  Jorullo. 
It  is  continually  burning,  and  has  thrown  up  from  its  north  side 
an  immense  quantity  of  scorified  and  basaltic  lavas  containing 
fragments  of  primitive  rocks.  These  great  eruptions  of  the  cen- 
tral volcano  continued  till  the  month  of  February,  1760,  but  in 
the  following  years  they  became  gradually  less  frequent. 

The  traveller  is  still  shown  two  rivers  bearing  the  names  of  those 
whose  waters  formerly  traversed  the  plain,  and  which  disappeared 
on  the  night  of  the  29th  of  September,  1759.  At  a  distance  of 
6500  feet  to  the  west  of  the  former  streams,  and  in  the  tract  which 
was  the  theatre  of  the  convulsions,  two  rivers  now  burst  through 
the  argillaceous  vault  of  the  homitoa,  making  their  appearance  as 
warm  springs,  and  raising  the  thermometer  to  186°  Fahr.* 

The  annexed  diagram  (fig.  25)  will  give  an  idea  of  the  mode  in 


Fig.  25* 


Section  across  fhe  elevated  part  of  the  Plain  of  Malpais. 

which  the  plain  was  elevated,  and  the  proportionate  elevation  of 
the  principal  hills. 

179,  A  volcano  generally  may  be  described  as  a  conical  hiU  or 
mountain,  with  a  cup-like  hollow  or  crater  at  the  summit,  from 
which  issue  occasionally  gaseous  and  acid  vapours  miugled  with 
steam ;  certain  scoriaceous  rocks  of  small  specific  gravity  called 
volcanic  ash  and  pumice,  often  ia  the  form  of  fine  dust  $  and  at 
more  distant  iatervals  several  mineral  substances  ia  a  state  of  par- 
tial or  complete  fusion  called  lava..  There  can  be  no  doubt  that  a 
high  temperature  obtains  at  small  depths  beneath  the  surface  ia 
every  active  volcanic  district ;  but  there  seems  no  sufficient  proof 
of  tais  high  temperature  being  the  result  of  communication  with 
great  depths  below  the  surface,  or  of  volcanic  products  beiag  other 
than  surface  rocks  altered  by  the  admixture  of  alkaline  earths, 

*  From  Humboldt's  "  Nouvelle  Espi^jne/*  as  quoted  in  Daubeny's  work  "  On  Active  and 
Extinct  Volcanoes." 
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which  render  them  readily  fuaible.  It  is,  hovever,  certain  that 
there  exiats  in  many  cases  free  communicatioii  underground  be- 
tveea  volcanoes  at  great  distances  horn  each  other,  and  that 
eartliquake  action  is  checked  or  prevented  in  many  districts  by 
the  occaaiooal  eruptions  of  ash^  and  lava  that  take  place  at  a 
volcanic  vent. 

180.  Volcanoes  are  rarely  isolated,  being  on  the  contrary  idmost 
alwa^  collected  into  groups,  some  linear,  and  others  apparently 
in  circular  or  elliptic  ureas.  (See  §  187.)  They  vary  indefinitely 
in  height,  some  possessing  no  elevated  cone  whatever,  others  being 
of  moderate  elevation,  while  some  rank  among  the  very  loftiest  of 
the  mountains  of  the  globe.  The  proportionate  size  of  the  crater 
and  other  details  also  vary  greatly  j  some  craters,  as  that  of  Vesu- 
vius, seen  in  the  accompanying  sketch  (fig.  26),. being  small,  but 
distinct,  and  others,  as  tne  vast  cavity  of  Kirauea,  in  the  island  of 
Fig.  26. 


Hawui  (Owhyhee),  of  enormous  m^;nitude,  measuring  sixteen 
miles  in  circumference  and  1200  feet  in  depth. 

Hamboldt  eajs,  "  The  d^ree  of  inteosi^  of  the  i^heavme  force  is  shown  by 
the  height  of  Ihe  rolcaoo,  irmch  varies  from  that  of  a  mere  hul  to  that  of  a  cone 
of  above  18,000  feet  of  eleratioii.  Jt  has  appeared  to  me  that  Kbe  height  of  vol- 
canoea  e^ercioes  a  great  influence  on  the  frequency  of  eruptions,  which  am  far 
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more  &e^aent  in  the  lover  ihaa  in  bftier  TolcanoM.  A»  insbutoei,  I  iiui;r  pl>o> 
in  B  Banes — Stromboli,  2318  feet;  Guacomayo,  in  the  province  of  Quii^w 
(wbenoe  detonations  are  heard  almoat  dail;  as  ior  u  Chill  o,  near  Quito,  a 
distance  of  eighty-eight  miles)  g  Tesuriiu,  3876  feet;  Etna,  10,870  feet;  the 
Peak  ofTeneriBb,  12,176  feet ;  and  Cotopaii,  19,070  feet.  If  we  mippose  the 
seetof  aotion  to  be  at  an  equal  d^th  below  the  general  Boiiaceofthae^h  in  the 
Kg.  37. 


Unp  of  the  Iile  ot  Filnu. 
cose  of  all  these  Tolcanoee,  it  mint  require  greater  force  to  raise  the  molten  mawet 
in  the  ease  of  the  liigher  mountains;  and  it  is  notsurprisingthatSlroniiboli,  whose 
deration  is  the  least  considerable,  should  hare  been  in  a  state  of  constant  acti- 
Tity  for  many  centuries,  and  sljll  serre  as  a,  fUmiug  beacon  fbr  tbe  mariners  wbo 
narigaio  the  Tyrrhenian  Sea,  whilst  the  loilier  rtSoanoes  are  characterued  by 
longer  intervals  of  repose  *." 

•  "CoiniM,"iol.i.p.ai7. 


Fig.  29. 
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181.  Volcanic  districtB  generallypreseiit  marked  physiciJ  features, 
and  the  characteriatic  aspect  thna  aesumed  will  be  best  underetood 
by  referriDg  to  the  annexed  physical  map  of  the  Isle  of  Palma  (one 
of  the  Canarr  islands),  which  ib  reduced  fi-om  an  admirable  map 
prepared  by  Af .  Von  Buch,  and  eihibita  the  central  elevated  crater 
and  deep  furrows  or  gorges  (locally  called  borrancon),  not  infre- 
quent in  the  sides  of  recently  elevated  craters.  The  whole  island 
is  an  instance  of  what  is  called  a  crater  of  elevation,  the  be«ls  aU 
rising  tovrards  a  central  ridge,  shaped  like  a  cup,  deeply  hollowed 
within.  (See  fig.  28.) 

The  structure  of  volcanoes  ^    ^ 

and  volcanic  groups  is  fur-  --x  !« 

ther  illustrated  in  a  group  of 
islands  in  the  Oreeb  Archi- 
pelago, of  which  Santorin  is 
the  principal.  A  chart  of 
these  islands  ia  given  in  fig.  29,  and  a  sectional  view  across  them 
in  fig.  30.  The  large  crescent-shaped  island  of  Santorin,  and  the 
islands  Therasia  and 
Aspronisi,  here  form 
the  ridge  of  the  h^- 
elevated  crater,  while 
the  central  islands 
Hiera,  Nea  and  Micra 
£ameni,and  Phira,are 
portions  of  small  cones 
rising  above  the  waves. 
Of  these  Hiera  was 
first  elevatedlSS^ears 
before  the  Christian  ^n 
era,  and  other  small 
islets  in  the  yeM«  19, 
726  and  1427.  In 
1573  was  formed  Mi- 
cra Kameni,  and  in 
1707  Nea  ICameni, 
which  was  further  ele- 
vated in  1709,  1711, 
l712,&c.  Otberislands 
of  the  Greek  Ar- 
chipelago 
in  the  same  manner. 


TOLCAinC  PaOSUOTB. 


Aa  a  still  further  illustration  of  the  structure  of  TolcanoeB,  ve 
may  next  refer  to  the  suhjoined  view  and  profile  of  Etna  and  the 
adjoining  district,  figs.  31,  32. 


Fig.  32. 


li^tai 


182.  Yolcanic  products  include  gases,  vapours,  aehes  and  lava, 
and  little  doubt  can  be  entertained  that  most  of  these  are  derived 
from  near  the  surface,  since  it  has  been  discovered  by  Ehrenberg 
that  even  where  no  fresh  water  exists  in  the  vicinity,  and  no  trees 
grow,  the  ashes  erupted  from  volcauoes  in  small  ialands  in  the 
open  ocetm  abound  with  the  remains  of  freshwater  and  terrestrial 
infusorial  animals  and  plants.  In  Mexico,  Peru,  the  Isle  of 
France,  and  many  other  volcanic  regions,  the  fine  volcanic  dxist 
has  yielded  these  remains  ;  and  it  is  only  in  one  place  (in  Pata- 
gonia) that  the  specimens  of  tuif  and  ash  examined  hy  M.  Ehren- 
berg have  yielded  marine  infusorial  forms.  It  is  generally  the 
siliceous  fragments  that  have  been  preserved,  and  these  are  often 
half  obliterated. 

183.  One  or  two  remarkable  instances  of  volcanic  eruptions  may 
here  be  recorded.  First,  for  extent  of  action  we  may  refer  to  that 
which  took  place  in  the  island  of  Sumhawa  (one  of  the  Sunda 
Islands,  lying  to  the  east  of  Java),  in  the  year  1816.  The  noise 
of  the  explosions  accompanying  this  eruption  was  heard  at  the 
distuice  of  970  miles  to  the  west,  aod  720  miles  to  the  east  of  the 
island.  The  ashes  were  carried  3IX)  miles  in  the  direction  of  Java, 
and  more  than  200  miles  northwards  towards  the  Celebes,  in  auflii 


108  PHYSICAL  GSOGBAFHT. 

cient  quantity  to  darken  the  air ;  and  they  were  found  floating  in 
the  ocean  to  the  west  of  Sumatra,  a  distance  of  more  than  1000 
miles,  forming  a  mass  2  feet  thick,  through  which  yessels  with 
difficulty  forced  their  way. 

An  eruption  worthy  of  mention  in  respect  of  the  quantity  of 
lava  ejected,  was  that  of  one  of  the  Icelandic  volcanoes,  the  Skaptaa 
Jokul,  in  the  year  1783.  On  the  8th  of  June  in  that  year,  the 
unfortunate  inhabitants  of  the  south  coast  of  Iceland  observed 
niunerous  piUars  of  smoke  rising  in  the  hiU  country  towards  the 
north,  whidi  gradually  collected  into  a  dark  band,  obscuring  the 
light  of  day,  and  advancing  in  a  southerly  direction  against  the 
wind,  showering  down  vast  quantities  of  sand  and  ashes.  The 
cloud  continued  to  increase  until  the  10th,  when  fire-spouts  were 
seen  in  the  distance,  and  there  were  slight  shocks  of  an  earth- 
quake. On  the  11th  the  large  river  Skaptaa,  which  had  lately 
been  much  swollen,  entirely  disappeared ;  and  this  accident  was 
fully  accounted  for  on  the  ensuing  day,  when  a  current  of  lava 
burst  from  one  side  of  the  volcano,  and  rushed  with  a  loud  crash- 
ing noise  down  the  channel  of  the  river,  which  it  not  only  fiUed, 
but  overflowed,  although  in  many  places  the  channel  was  from  400 
to  600  feet  deep,  and  200  feet  broad. 

The  fiery  stream,  leaving  the  hiUs,  had  its  coiirse  checked  for 
several  days  by  a  lake  in  the  low  country;  but  this  also  was  at 
length  fiUed  up,  and  the  torrent  proceeded  in  two  streams,  one 
taking  an  easterly  and  the  other  a  southerly  direction.  The  lava 
continued  'to  flow  tiU  the  20th  of  July,  ana,  following  chiefly  the 
course  of  the  Skaptaa,  it  poured  over  a  lofty  cataract,  filling  up  in 
a  few  days  an  enormous  cavity,  which  the  waters  had  been  hollow- 
ing out  for  ages. 

Up  to  this  time  the  eastern  part  of  the  island  had  escaped  any 
more  serious  injury  than  the  showers  of  ashes,  which  fell  every- 
where ;  but  on  the  28th  of  July  a  further  eruption  was  threatened; 
and,  on  the  3rd  of  August,  a  thick  vapour  arising,  and  the  waters 
disappearing  from  the  bed  of  another  river,  the  Hverfisfliot,  pre- 
pared the  inhabitants  to  expect  a  fiery  torrent ;  which,  accordingly, 
on  the  9th,  rushed  on  with  indescribable  fiiry,  overflowing  the 
country  in  one  night  to  the  extent  of  more  than  four  miles,  and 
converting  their  fearful  anticipations  into  still  more  dreadful  real: 
ities.  The  eruptions  continued  at  intervals  till  the  end  of  August, 
and  closed  with  an  earthquake  of  extreme  violence. 

The  immediate  source,  and  the  actual  extent,  of  these  torrents 
of  melted  rock  have  never  been  accurately  determined ;  but  the 
stream  that  flowed  down  th^  channel  of  the  Skaptaa  was  about 
fifty  miles  in  length,  by  twelve  or  fifteen  miles  m.  its  greatest 
breadth,  and  that  in  the  other  river-course,  about  forty  miles  in 
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length,  by  seven  miles  in  breadth.  In  thickness  it  was  very  va- 
riable ;  being  as  much  as  500  or  600  feet  in  the  narrow  channels, 
but  in  the  plains  rarely  more  than  100  feet,  and  often  not  exceed- 
ing 10  feet.  Taking  the  lowest  average,  and  calculating  the  whole 
mass,  it  does  not  appear  that  there  can  have  been  less  than  20,000 
millions  of  cubic  yards,  or  40,000  millions  of  tons  of  matter,  poured 
out  of  the  bowels  of  the  earth,  in  a  melted  state,  in  the  short  space 
of  ten  weeks,  during  which  the  eruption  lasted. 

It  would  not  give  a  just  idea  oi  the  resxdt  of  this  fearful  event 
did  we  not  add,  that,  at  the  most  moderate  calculation,  1300  human 
beings  lost  their  lives  during,  or  in  consequence  of,  the  eruption ; 
and  that  it  also  involved  the  destruction  of  20,000  horses,  7000 
homed  cattle,  and  130,000  sheep.  The  fisheries  on  the  southern 
coast  of  the  island  were  destroyed ;  and  Iceland  has  not  to  this  day 
recovered  from  the  disastrous  events  of  the  year  of  the  eruption  of 
the  Skaptaa  Jokul. 

184.  The  actual  number  and  mode  of  distribution  of  volcanoes 
on  the  earth's  surface  are  within  the  range  of  observation,  but  the 
evidence  is  often  insufficient  to  prove  the  distance  of  time  that  has 
intervened  since  the  last  eruption,  and  many  instances  are  known 
of  volcanoes  which  have  offered  no  instance  of  activity  within  the 
memoir  of  man,  or  even  within  the  historic  period,  but  which  yet 
can  only  be  regarded  as  dormant,  while  there  are  other  cases  in 
which  the  volcano  is  evidently  now  extinct. 

In  Europe  and  its  dependencies  there  are  active  volcanoes  only 
in  South  Italy,  in  Sicily  and  the  adjacent  islands,  in  the  Grecian 
Archipelago,  and  in  the  island  of  Iceland.  Extinct  volcanoes  are 
found  in  Auvergne  (Central  France),  in  the  Eifel,  on  the  Bhine 
near  Bonn  (the  Siehengehir^e),  in  the  Black  Forest  near  Switzer- 
land, and  in  many  places  m  Western  Germany  between  the  two 
last-named  districts.  Other  indications  appear  in  Northern  Bohe- 
mia and  North-eastern  Bavaria,  in  Silesia,  Moravia,  Hungary, 
Transylvania,  Styria,  North  Italy,  Central  Italy,  Spain  and  Por- 
tugal. (See  §  192, 193.) 

185.  In  Asia  marked  volcanic  phsenomena  have  been  described 
in  most  parts  of  Asia  Minor  and  Palestine — ^in  Arabia,  Persia,  and 
the  adjoming  countries,  in  Central  and  Eastern  Asia,  throughout 
the  Indian  Archipelago,  in  the  Japanese  and  other  islands  parallel 
to  the  east  coast,  and  in  Kamtchatka.  Many  of  the  most  frequent 
and  magnificent  exhibitions  of  volcanic  force  have  occurred  in  the 
chain  of  the  Sunda  Islands,  running  along  from  the  Malayan 
peninsula  towards  Australia,  and  thence  to  New  Zealand.  Other 
volcanic  districts  occur  in  the  Pacific  between  this  archipelago  and 
the  coast  of  America.  Africa  exhibits  numerous  volcanic  appear- 
ances on  its  northern,  and  also  on  its  western  coast ;  and  most  of 
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the  islands  in  tbe  Atlantic,  lying  near  this  continent,  are  volcanic, 
as  weU  as  some  of  those  in  the  Indian  Ocean. 

"  The  great  distance  from  the  sea  of  the  Tolcanoes  of  the  interior  of  Asia  is  a 
remarkable  and  soUtary  phenomenon.  Abel  Bemusat,  in  a  letter  to  Cordier,  first 
directed  the  attention  of  geologists  to  this  fact.  The  distance  in  the  case  of  the 
volcano  of  Pe-schan  to  the  north,  or  to  the  Icy  Sea  at  the  mouth  of  the  Obi,  is 
1780  miles ;  to  the  south,  or  to  the  mouths  of  the  Indus  and  the  Gbnges,  1760 
miles ;  to  the  west,  1590  miles  to  the  Caspian  in  the  Gulf  of  Karaboghaz ;  and 
to  the  east,  1180  miles.  The  active  volcanoes  of  the  New  World  were  pre- 
viously supposed  to  offer  the  most  remarkable  instances  of  such  phsenomena  at 
a  great  distance  from  the  sea ;  their  distance,  however,  is  only  150  miles  in  the 
case  of  the  volcano  of  Popocatepetl  in  Mexico,  and  only  107, 120,  and  182  miles 
in  those  of  the  South  American  volcanoes  Sangai,  Tolima,  and  De  la  Eragua 
respectively.  I  exclude  from  these  stat>ements  all  extinct  volcanoes  and  all 
trachytic  mountains  which  have  no  permanent  connexion  with  the  interior  of 
the  earth*." 

186.  North  America  presents  a  broken,  but  evident  chain  of 
volcanoes  along  its  western  coast,  parallel  to  and  near  the  Pacific 
shore.  Central  America  abounds  with  volcanoes,  and  the  AntOles 
among  the  West  Indian  Islands  present  everywhere  either  active 
or  extinct  volcanic  phsBnomena.  In  South  America  the  whole  of 
the  Cordillera  of  the  Andes  from  Mexico  to  Patagonia,  and  beyond 
Tierra  del  Puego  to  the  South  Shetland  Islands,  must  be  regarded 
as  one  great  volcanic  system,  the  distinct  indications  of  volcanic 
force  being  rarely  at  sufficient  distance  to  allow  of  doubt  as  to  the 
existence  of  a  true  subterranean  communication. 

187.  The  subjoined  table  will  give  a  general  idea  of  the  distri- 
bution of  volcanoes  over  the  world,  and  the  comparative  number  of 
distinct  volcanic  vents  in  the  different  regions.  It  includes  about 
400  described  examples  of  active  volcanoes,  being  those  of  which 
there  is  some  evidence  of  activity  within  the  historic  period. 
Many  of  them,  indeed,  have  not  been  known  as  distinct  points  of 
eruption  for  many  centuries ;  but  this  does  not  remove  them  from 
the  list,  as  it  is  very  possible  for  the  internal  fire  to'  slumber  for  a 
much  longer  period  between  two  epochs  of  outburst.  By  giving  an 
idea  of  the  actual  distances  within  which  the  principal  groups  are 
placed,  as  well  as  the  number  in  each  case,  perhaps  this  table  wiU 
be  found  to  communicate  a  tolerably  distinct  idea  of  the  import- 
ance of  each  group.  In  many  cases,  however,  the  volcanoes  are 
very  closely  congregated  in  knots  about  the  centre  of  the  district, 
whfle  towards  its  outskirts  are  only  a  few  cones  and  craters. 

*  "  Aspects  of  Nature  "  (English  edition),  vol.  i.  p.  88. 
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Ill 


Principal  Volcanic  Gfrotips  with  the  linear  extension  of  each  Gfrotsp. 


Number 

of 

Volcanoes. 


Atlantic  Ocean : — 

Jan  Meyen  Island  (Ghreenland)... 

Iceland 

Azores 

Canary  Islands    

Cape  Verde  Islands 

Ascension  Island    

Trinidad  Island 

Tristan  da  Cunha  Island  

West  Indian  Islands ^ 

Mediterranean  group : — 

Lower  Italy 

Lipari  Islands 

Ghraek  Islands .? 

Bed  Sea  

Indian  Ocean  (west  side)  : — 

Bourbon  Island  

Mauritius  Island 

Bodriguez  Island    

Asiatic  Continent : — 

Western  Asia 

CentralAsia    

Eastern  Asia   

Asiatic  Coast : — 

Kamtchatka  group 

Kurile  Islands  group 

Japan  Islands  group  

Bonin  and  Manana  Islands  

Formosa 

Luzon  and  the  Philippine  Islands 

Molucca  Islands 

North-west  coast  of  New  GKiinea 
Sunda  Islands  group : — 

floris  and  adjacent  Islands  to  1 

the  west  as  fiar  as  Serra j 

Sumbawa  and  others 

Java 

Sumatra  

Andunan  Islands  

Eastern  Archipelago : — 

Groups  of  Islands  between  New  1 
Guinea  and  New  'Zealand  ...  j 

New  Zealand  

Friendly  Islands 

Pacific  Ocean : — 

Hawaii  (Owhyhee)  group 

Society  Islands 

Marquesaa  Islands 


Linear 

extension  in 

Brit.  Stat. 

miles. 


2 

8 
2 
7 
1 
1 
1 
1 
10 

2 
2 

1 
2 


} 


:} 


11 

9 

43 

7 

6 


4 

2 
2 


450 


3 

2 

? 

21 

900 

18 

800 

23 

1700 

9 

1000 

3 

280 

21 

•  .•••«•>•  XVlvlvr 

12 

700 

600 

350 
650 
900 
600 


5} 


? 
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Pacific  Ocean  (conHnued)  : — 

Easter  Islands 1 

OtOapago.  LduidB  1 

America; — 

Aleutian  Islands 86  1200 

I^orth  American  Series 10  2000 

Mexico 7  700 

Guatemala  88  850 

Quito   17  460 

Peru  and  Bolivia 12  600 

Chile    22  1200 

Tierra  del  Fuego 8  400 

Antarctic  Land  8 

Those  groups  to  which  no  linear  extension  is  marked  are  for  the  most  part 
detached,  and  exhibit  only  imperfect  communication  with  anj  other  district. 
The  ffroups  connected  by  brackets  are  probably  related,  but  too  imperfectly  to 
justi^  any  statement  as  to  their  linear  extension. 

188.  Subterranean  communication  appears  to  exist  between 
some  of  the  more  important  yolcanic  cones  and  craters.  Thus, 
according  to  Humboldt,  the  lofty  volcanoes  of  Pichincha,  Cptopaxi, 
and  Tungara^ua  in  the  plateau  of  Quito  are  to  be  viewed  as  a  sin- 
gle volcanic  furnace.  "  The  subterranean  fire  breaks  forth  some- 
times through  one  and  sometimes  through  another  of  these  openings, 
which  it  has  been  customary  to  regard  as  separate  and  distinct  volca- 
noes. The  progressive  march  of  the  subterranean  fire  has  been  here 
directed  for  three  centuries  from  north  to  south.'  *  The  same  author 
states,  "that  in  1797  the  volcano  of  Pasto,  east  of  the  Ghiaytara  river, 
emitted  uninterruptedly  for  three  months  a  lofty  column  of  smoke, 
which  column  disappeared  at  the  instant  when,  at  a  distance  of  280 
miles,  the  great  earbhquake  of  E'iobamba,and  an  immense  eruption  of 
mud,  took  place,  causing  the  death  of  between  30,000  and  40,000 
persons*.'* 

Facts  of  similar  kind  are  not  wanting  in  South  Italy,  tending  to  prove  an 
open  subterranean  communication  between  Etna  andYeeuvius  and  the  adjacent 
volcanic  vents,  since,  in  nearly  130  recorded  disturbances  within  the  last  eight 
centuries,  there  have  occurred  few  instances  of  activity  from  more  than  one 
crater  at  the  same  time,  and  not  one  of  any  important  eruption  from  the  two 
principal  mountains  or  from  any  of  the  smaller  cones  withm  a  considerable  in- 
tervaL  In  this  way  it  seems  dear  that  however  distinct  the  volcanoes  of  the 
same  system  may  be  at  the  surface,  they  are  in  each  case  parts  of  one  general  effect, 
produced  by  some  deep-seated  subterranean  cause. 

189.  Volcanoes  have  been  arranged  into  two  classes,  "  central 
volcanoes"  and  "volcanic  chains."  The  former  term  has  been 
applied  to  those  districts  in  which  a  region  of  volcanic  disturbance 
appears  to  extend  to  pretty  nearly  the  same  distance  in  every  di* 
rection  from  one  central  point,  wnile  the  latter  includes  instances, 

•  "  AtpecU  of  Nature,'*  ante  cU.  vol.  ii.  p.  232. 
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of  which  many  are  given  in  the  annexed  table,  where  the  chain  is 
much  fiirther  continued  in  one  direction  than  any  other.  The 
TolcanooB  in  the  hitter  case  have  been  compared  by  Humboldt  to  a 
number  of  vents,  either  in  one  line  or  in  parallel  lines,  connected 
with  some  far-extended  subterranean  fissure,  such  as  we  may 
imagine  to  have  reference  to  the  elevation  of  a  mountain  chain. 
The  Peak  of  Teneriffe  is  a  well-marked  example  of  a  central  volcano, 
and  Bo  also  is  the  lele  of  Falma* ;  which  well  illustrates  the  peculiar 
appearance  presented  in  such  cases.  The  principal  volcanic  sy- 
stems are  generally  dependent  on  the  axes  of  mountain  chains,  tms 
being  the  case  even  for  the  continental  land  of  the  Old  World, 
although  so  few  volcanoes  exist  there  that  it  is  not  easy  to  connect 
them  into  one  genetd  group.  In  the  New  "World,  the  fact  is  too 
manifest  to  require  further  notice  than  a  reference  to  the  map. 

190.  The  permanent  alteration  of  level  of  large  tracts  of  lajid  in 
connexion  with  earthquake  and  volcanic  action,  is  a  subject  which 
has  not  yet  received  full  illustration,  but  that  numerous  and  im- 
portant temporary  changes  of  level  have  accompanied  or  followed 
the  momentary  undulations  in  disturbed  districts  is  beyond  ques- 
tion.    One  of  the  standard  examples  of  this,  referred  to  by  almost 
every  recent  writer  on  geology,  is  that  of  the  temple  of  Jupiter 
Serapia  near  Naples,  where  the  temple  appears  to  have  been  origi- 
nally built  very  near  the  level  of  j-j    33_ 
the    Mediterranean,   after  which 
the  ground  with  the  temple  gra- 
duaUy  sank  down ;  thermal  waters 
also  issuing  in  the  Ticluit^,  and 
forming  a  brackish  lake,  which  left 
a  black  incrustation  on  the  stone 
walla  as  far  as  the  water  reached. 
The  lower  part  of  the  columns  and 
the  floor  of  the  temple  seem  then 
to  have  become  covered  with  a 
quantity  of  ashes  and  tu&,  to  a 
thickness   of  about  8  feet,   and 
the  depression  of  the  surrounding 
soil  being  continued,  the  incrusta- 
tion increMed,  at  first  irregularly, 
and  perhaps  slowly,  till  at  length 
the  sinking  was  so  considerable 
that  thegreater  part  of  thecolunms 
became  submerged,  the  upper  and 

imcovered  portions  being  exposed  Temple  of  Jupiter  Senpu. 

to  the  action  of  the  ur,  and  the  part  in  the  sea  being  eaten  into 

•  Sh  flg.  87,  p«ge  Ids. 
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by  yarious  marine  animalB,  as  far  down  as  there  was  no  covering 
of  ashes  and  tufa.  At  length  the  ground  was  elevated,  and  at  the 
present  day,  the  whole  is  above  the  level  of  the  adjacent  sea.  The 
movements  are  still  going  on,  and  a  change  of  position  has  been 
recognized  within  the  last  few  years. 

The  following  are  the  OBciUationfl  as  stated  by  Lyell  ("Principles,"  p.  494). 
First, — ^About  eighty  years  before  the  Christian  era,  when  the  ancient  mosaic 
parement  was  constructed,  it  was  about  12  feet  above  its  actual  level,  or 
that  at  which  it  stood  in  1838 ;  secondly,  towards  the  close  of  the  first  century 
after  Christ  it  was  only  6  feet  above  its  actual  level ;  thirdly,  by  the  end  of 
the  fourth  century  it  had  nearly  subsided  to  its  present  level ;  fourthly,  in  the 
middle  ages,  and  before  the  eruption  of  Monte  Nuovo,  it  was  about  19 
feet  below  its  present  level ;  lastlv,  at  the  beginning  of  the  present  century,  it 
was  about  2  feet  2  inches  above  the  level  at  which  it  now  stands  in  1838. 

191.  Subsidence  has  also  been  noticed  in  the  low  ground  subject 
to  earthquakes  at  the  mouth  of  the  Indus,  where  the  same  eartho- 
quake,  during  which  a  large  tract  was  depressed,  exhibited  also  the 
elevation  of  a  long  mound,  measuring  as  much  as  fifty  miles  in  one 
direction,  and  in  some  places  sixteen  miles  broad. 

The  valley  of  the  Mississippi  has  lately  undergone  some  change 
of  level  during  long-continued  earthquake  undulations.  These 
changes  are  described  by  Sir  C.  Lyell*,  and  afford  a  good  illustra- 
tion of  the  nature  of  depression.  Many  districts  in  South  America 
present  indications  of  recent  change  of  level,  altering  the  beds  of 
rivers,  and  sometimes,  by  the  elevation  of  a  coast  line,  destroying 
large  numbers  of  marine  animals.  The  harbour  of  Port  Eoyal  in 
Jamaica  on  one  occasion  sank  down  nearly  50  feet,  and  the  number 
of  similar  recorded  examples  of  alteration  of  levels  immediately  re- 
sulting jGpom  earthquake  disturbance,  is  quite  sufficient  to  prove  a 
connexion  between  the  two  sets  of  phsBnomena. 

192.  When,  in  the  case  of  extinct  volcanoes,  the  actual  condi- 
tion of  the  mineral  products  is  such  as  to  indicate  considerable  anti- 
quity, or  when  the  destruction  of  form  of  the  ancient  volcano  has 
been  almost  complete,  there  is  stiU  little  difficulty  in  determining 
the  true  origin,  as  the  position  of  volcanic  rocks  in  situ  affords 
sufficient  evidence.  In  these  cases,  however,  the  whole  adjacent 
district  has  generally  been  perfectly  quiet,  and  free  from  the  dis- 
turbances of  volcanic  action,  during,  and  probably  long  before,  the 
existence  of  man  upon  the  earth. 

The  volcanic  district  of  the  Rhine  extends  for  about  twenty-four 
miles  from  east  to  west,  and  from  six  to  ten  miles  from  north  to 
south.  The  volcanic  cones  have  been  forced  up  through  beds  of 
ancient  date,  and  the  lava  has  been  poured  out  around  the  base  of 
the  hiUs,  often  extending  to  considerable  distances  without  much 
reference  to  the  present  configuration  of  the  country.    A  number 

•  Lyell's  "  Principle!,"  ante  cit,  p.  444. 
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of  ancient  craters,  some  of  whicli  are  now  lakes,  may  be  observed 
at  different  points  on  each  bank  of  the  Ehine,  but  the  walls  of 
these  craters  are  usually  made  up  of  cinders  and  scorisB,  and  the 
deep  indentations  and  firactures  of  the  walls  often  show  the  points 
whence  a  lava  current  must  once  have  issued.  On  the  whole, 
however,  the  lava  seems  to  have  been  chiefly  erupted  through 
cracks  and  fissures  in  the  subjacent  rocks,  and  to  have  been  spread 
evenly  over  the  surface,  often  in  very  thin  bands. 

The  most  important  feature  of  the  volcanic  district  of  the  B,hine 
is  the  great  basaltic*  platform,  partly  in  the  Duchy  of  Nassau  and 
extending  on  the  right  bank  of  the  Khine,  but  reaching  still  fur- 
ther to  the  east,  and  forming  the  hiUs  called  the  Vogelsgebirge. 
In  the  former  district  the  lava  beds  are  covered  up  in  many  places 
by  a  remarkable  bed  of  lignite,  or  brown  coal,  but  an  area  of  not 
less  than  1000  square  miles  of  country  in  the  neighbourhood  of  the 
Rhine  seems  to  have  been  informer  ages  overwhelmed  by  a  flood  of 
lava,  probably  spread  out  beneath  the  waters  of  an  inland  lake  long 
since  dried  up.     The  thickness  of  the  bed  is  not  very  considerable. 

193.  The  district  of  Central  TVance,  which  in  former  times  was 
also  the  seat  of  subterranean  disturbance,  reposes  on,  or  rather 
rises  out  of,  a  granite  platform.  The  Mont  D'Or,  the  most  con- 
spicuous of  the  volcanic  cones,  rises  suddenly  to  the  height  of 
several  thousand  feet,  and  is  composed  of  layers  of  scoriae,  pumice- 
stones,  and  fine  detritus,  with  interposed  beds  of  basalt.  A  con- 
siderable number  of  minor  volcanoes  form  an  irregular  ridge  on  the 
platform,  and  extend  for  about  eighteen  miles  in  length  and  two  in 
Dreadth.  They  are  usually  truncated  at  the  summit,  where  the 
crater  is  often  preserved  entire,  the  lava  having  issued  from  the 
base  of  the  hiU ;  and  the  lavas  may  be  traced  from  the  crater  to 
the  nearest  valley,  usurping  the  channel  of  the  river,  which  in 
some  cases  has  since  been  re-excavated. 

In  Catalonia  is  another  similar  tract,  the  distinct  cones  and 
craters  being  about  fourteen  in  number,  besides  several  points 
whence  lava  may  have  issued.  The  volcanoes  are  most  of  them 
very  entire,  and  the  largest  has  a  crater  466  feet  deep,  and  about 
a  mile  in  circumference.  The  currents  of  lava  are  of  considerable 
depth  in  the  narrow  defiles,  but  spread  out  into  thin  sheets  over 
the  plains ;  the  upper  part  is  scoriaceous,  further  down  it  is  less 
porous,  and  at  the  bottom  it  becomes  prismatic  basalt,  about  5 
feet  thick,  resting  on  the  subjacent  rocks. 

194.  The  western  part  of  Asia  and  the  Peninsula  of  India  ex- 
hibit the  phsenomena  of  recently  extinct  volcanic  action  on  a  scale 
far  grander  than  is  known  in  Europe,  for  in  these  countries  the 

*  Basalt  is  the  name  given  to  rocks  supposed  to  be  ancient  lava  currents,  but  found  in  places 
where  no  volcanic  activity  is  discoverable.    The  term  is  further  explained  in  §  195. 
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lava  has  been  poiired  out  over  whole  provinces,  and  rests  in  flat 
tabular  masses  upon  the  country. 

In  the  southern  plains  of  South  America  Mr.  Darwin  has  de» 
scribed  a  vast  deluge  of  lava  which  flowed  in  several  streams  j&om 
the  Cordillera  of  the  Andes,  to  a  distance  of  upwards  of  a  hundred 
miles,  and  of  which  the  aggregate  thickness  at  the  extremity  is  not 
less  than  130  feet. 

Yolcanic  rocks,  like  those  of  the  Westerwald  and  Yogelsgebirge,  may  be 
traced  at  intervals,  both  southward  towards  Switzerland,  and  eastward  acroes 
the  north  of  Bavaria  into  the  north  of  Bohemia.  They  accompany  the  porphy- 
ries of  the  Odenwald,  near  Heidelberg,  and  the  granite  of  the  Fichtelgebirge ; 
in  some  cases  presenting  volcanic  cones,  and  in  omars  only  trachytic  ro^.  The 
hot  springs  of  Carlsbad  and  TdpUtz,  and  the  vicinity  of  these  spots,  mark  the 
continuance  of  the  district  towards  Silesia,  and  basaltic  cones  occur  on  the  south 
flanks  of  the  Erzgebirge,  in  Saxony,  and  in  several  places  between  Dresden  and 
Ereyburg.  Various  places  in  Upper  Silesia,  and  others  on  the  western  border 
of  Moravia^  near  Hungary,  present  rocks  which  can  only  be  referred  to  causes 
resembling  those  now  in  action  in  volcanic  districts,  while  in  Hungary  itself,  on 
the  southern  flanks  of  the  mountain  chain  which  separates  that  country  £K)m 
Gallicia,  even  more  striking  and  distinct  remains  are  presented  of  ancient  vol- 
canic fire.  These  are  chiefly  of  the  rock  called  trachtftei  which  is  one  of  the 
compounds  formed  by  the  association  together  of  various  siUcates  at  a  hieh 
temperature.  Transylvania  presents  several  instances  of  old  craters  and  hidf- 
extinct  sol&taras,  while  Styria,  North  Italy,  Central  Italy,  European  Turkey, 
and  other  adjacent  countries  towards  Asia  Minor,  aflbrd  connecting  links  with 
the  present  sources  of  active  volcanic  disturbance  in  South  Italy  and  the  Gbeek 
Archipdago.  Several  places  in  Asia  Minor  near  Smyrna,  and  thfflice  to  the 
valley  of  uie  Jordan,  and  wide  tracts  in  Persia,  carry  the  evidences  of  volcanic 
figency  £Eur  into  Asia,  while  the  shores  of  the  Bed  Sea,  and  the  extremity  of 
Arabia  are  proofs  of  a  similar  kind  in  connexion  with  the  volcanic  islands  of 
the  Indian  Ocean. 

195.  In  the  isle  of  Staffa  and  on  the  opposite  coasts  of  Antrim 
in  Ireland,  indications  are  afforded  of  the  presence  of  melted  rock, 
identical  in  composition  with  lava,  and  yet  unconnected  with  any 
obvious  volcanic  appearances.  In  many  cases  the  rock  has  become 
concentric  in  structure,  and  is  separable  into  hexagonal  columns,  of 
which  the  celebrated  Giant's  Causeway  and  Eingal's  Cave  (repre- 
sented in  the  accompanying  diagram)  are  very  fine  examples. 
"With  them,  and  sometimes  without  any  other  evidence  to  connect 
them  with  igneous  agency,  we  not  unfrequentlv  find  minerals  and 
rocks  which  are  supposed  to  be  the  remains  oi  volcanic  eruptions 
of  ash.  Some  of  these  may  no  doubt  be  deposits  of  this  nature, 
but  others  so  described  are  of  doubtful  origin. 

196.  Besides  those  oscillatory  movements  of  the  land  connected 
with  direct  earthquake  action,  elevation  and  depression  of  a  differ- 
ent and  more  extensive  kiad  has  been  observed  iq  many  parts  of 
the  world  where  no  vicinity  of  volcanoes  can  be  traced,  to  account 
for  such  change.     The  coasts  of  the  Baltic  Sea  and  Northern 


pebhahekt  eletatiov  c 


Oeetta,  the  coast  line  of  Britain,  and  the  shores  of  Greenland, 

have  all  apparently  undergone  alow  elevation;  but  peculiarly 

Fig.  34. 
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favourable  circumstances  are  required  in  order  that  we  may  obtain 
the  reqtiired  proof  of  the  fact  in  question,  and  therefore  it  may 
have  occurred  elsewhere  in  places  where  we  can  no  longer  trace 
the  evidence.  The  amount  of  supposed  change  rarely  amounts  to 
more  than  a  few  feet  in  a  centii^,  and  no  measurements  of  the 
elevation  of  land  above  the  sea-level  so  accurate  as  this  have  been 
made  till  withitt  a  very  few  years,  owing  partly  to  the  real  difficul- 
ties of  measurement,  and  the  liability  to  error  firom  the  imperfec- 
tion of  instruments,  and  partly  to  the  absence  of  any  admitted  and 
recoverable  base-line.  On  the  shores  of  the  Baltic,  however,  where 
there  are  hardly  any  tides,  where  the  inner  line  of  coast  is  defended 
by  a  fringe  of  islands,  and  where  the  rocks  are  btai  and  often  very 
near  the  surface,  the  means  are  presented  by  nature,  and  they 
have  not  failed  to  attract  notice.  The  result  is,  that  there  appears 
to  have  been  a  gradual  but  slow  upheaval,  very  different  in  (fiffen- 
ent  places,  but  sufficient,  in  the  course  of  the  last  two  or  three 
centuries,  to  lay  baj«  many  rocks  before  sunk,  to  expose  the 
foundations  of  buildings  built  on  the  shores  at  the  water-line,  to 
choke  up  and  render  useless  old  channels  between  rocks,  and  even 
to  lay  bare  some  beds  of  marine  shells.  The  so-called  raUed  heachea, 
found  in  various  parts  of  England  at  a  hekht  of  from  20  to  200 
feet  above  the  present  coast  line,  often  exhibit  gravel  and  sand 
with  marine  shells  having  all  the  peculiar  features  of  the  existing 
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sea  beach ;  and  similar  terraces,  more  or  less  distinctly  marked  in 
various  places  along  the  whole  European  coast  line  of  the  Atlantic, 
alSbrd  aiiuple  proofs  that  this  change  of  level  and  gradual  uplifting 
of  the  land  has  gone  on  for  a  long  while.  Some  remarkable  ledges, 
eaten  out,  as  it  were,  from  the  hard  and  steep  rocks,  at  certain 
heights  on  the  bold  cliffs  of  Finmark  near  the  North  Cape,  seem 
to  prove  that  there  must  have  been  long  alternations  of  elevation 
and  repose ;  and  also  that  the  elevations  have  been  by  no  means 
uniform  over  the  whole  area  lifted,  but  much  more  in  one  direction 
than  any  other,  and  gradually  less  in  amount  in  a  direction  at  right 
angles  to  this*. 

197.  South  America,  also,  as  it  presents  the  most  magnificent 
chain  of  continuous  mountain  ridges  and  the  largest  river  systems 
in  the  world,  seems  to  afford  the  most  distinct  and  best  instances 
of  slow  elevation,  and  the  upheaval  of  an  ocean  floor  into  the  main 
land  of  a  vast  continent.  Mr.  Darwin  has  shown  that  for  a  distance 
of  at  least  1200  miles  from  the  Eio  de  la  Plata  to  the  Straits  of 
Magellan  on  the  eastern  side,  and  for  a  stiU  longer  distance  on  the 
west,  the  coast  line  and  the  interior  have  been  raised  to  a  height  of 
not  less  than  100  feet  in  the  northern  part,  but  as  much  as  400 
feet  in  Patagonia.  AH  this  change  has  taken  place  tdthin  a  com- 
paratively short  period,  for  in  Valparaiso,  where  the  effect  is  most 
considerable,  modem  marine  deposits  with  human  remains  are  seen 
at  the  height  of  1300  feet  above  the  sea. 

Proofs  of  elevation  have  also  been  met  with  in  the  coral  seas  of 
the  Pacific,  and  a  remarkable  island,  flat-topped  and  recently 
elevated,  has  been  observed,  250  feet  above  the  sea,  and  within  a 
day's  sail  of  Tahiti. 

198.  The  vast  tracts  described  in  the  last  chapterf  and  pre- 
senting the  work  of  the  coral  animal  as  an  effectual  barrier  against 
the  waves  of  the  Pacific,  mark  areas  of  subsidence  not  less  extensive 
than  those  of  the  main  land  of  South  America  exhibit  elevation. 
The  only  reasonable  explanation  of  the  existence  of  banks  of  dead 
coral  many  hundred  feet  deeper  than  the  extreme  limit  at  which 
the  coral  animal  which  bmlt  them  could  have  lived,  is  in  the 
assumption  that  a  gradual  depression  took  place  of  the  land  on 
which  they  were  originally  based,  and  this  also  involves  the  former 
existence  of  a  large  tract  of  land  near  the  Equator  to  the  east  of, 
and  partly  including  the  Indian  Archipelago.  That  such  depres- 
sion of  a  large  area  is  in  other  respects  probable,  appears  from  the 
form  and  distribution  of  the  land  in  that  part  of  the  world,  and 
from  the  fact  of  the  elevation  of  large  areas  elsewhere  J. 

*  See  the  evidence  on  this  subject  collected  by  M.  Bravais,  and  translated  in  the  "  Quarterly 
Geological  Jour'niJ,"  vol.  i.  p.  534.    See  also  Chapter  XIV.  of  the  present  work, 
t  See  ^  151.         "  u 
i  See  a  Memoir  on  this  subject  by  Mr.  Dana,  **  Silliman*s  Journal,"  vol.  xlv.  p.  131. 
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*'  That  the  bed  of  the  Pacific  and  Indian  Oceans,  where  atolls  are  frequent, 
must  have  been  sinking  for  ages,  might  be  inferred,  says  Mr.  Darwin,  from 
simply  reflecting  on  two  facts  :  first,  that  the  efficient  coral-building  zoophytes 
do  not  flourish  in  the  ocean  at  a  greater  depth  than  120  feet :  and  secondly,' 
that  there  are  spaces  occupying  areas  of  many  hundred  thousand  square  miles, 
where  all  the  islands  consist  of  coral,  and  yet  none  of  which  rise  to  9  great&r 
height  than  may  be  accounted  for  by  the  action  of  the  winds  and  waves  on 
broken  and  triturated  coral.  Were  we  to  take  for  granted  that  the  floor  of  the 
ocean  had  remained  stationary  from  the  time  when  the  coral  began  to  grow,  we 
should  be  compelled  to  assume  that  an  incredible  number  of  submarine  moun- 
tains of  vast  height  (for  the  ocean  is  always  deep,  and  often  im£9ithomable, 
between  the  difierent  atolls)  had  all  come  to  within  120  feet  of  the  sur&ce,  and 
yet  no  one  mountain  had  risen  above  water.  But  no  sooner  do  we  admit  the 
theonr  of  subsidence,  than  this  great  difficulty  vanishes.  However  varied 
may  have  been  the  altitude  of  different  islands,  or  the  separate  peaks  of  par- 
ticular mountain  chains,  all  may  have  been  reduced  to  one  uniform  level  by  the 
gradual  submergence  of  the  loftiest  points,  and  the  additions  made  to  the 
calcareous  cappings  of  the  less  elevated  summits  as  they  subsided  to  great 
depths*." 

199.  "We  may  therefore  assume  that  there  are  districts  of  the 
earth  now  imdergoing  depression  on  a  scale  not  dissimilar  to  that 
on  which  we  recognize  elevation.  By  observations  on  low  islets 
which  only  retain  their  existence  because  they  have  been  found 
convenient  for  the  habitation  and  structures  of  the  coral  animal,  we 
are  enabled  to  recognize  the  last  vestiges  of  lofty  peaks,  which  once, 
perhaps,  existed  as  mountain  tops  penetrating  the  region  of  the 
clouds.  "We  thus  reconstruct  ia  imagination  the  land  which  has 
been  submerged,  and  may  even  be  induced  to  speculate  concerning 
the  date  of  the  submergence,  and  the  plants  and  ftnimflla  that 
clothed  the  ancient  continent. 

Considered  in  their  fuU  extent,  these  various  facts  with  respect 
to  disturbance  of  the  earth's  crust  suggest  conclusions  ia  the  highest 
degree  important  and  interesting. 

It  has  been  shown,  on  the  one  hand,  that  much  of  the  solid 
framework  of  our  globe  is  exposed  to  subterranean  action,  obtaining 
relief  from  time  to  time  by  volcanic  outbursts  of  melted  rock  and 
ashes  thrust  forth  from  beneath  with  almost  iaconceivable  force 
and  velocity ;  at  other  times  tearing  asunder  the  thin  crust  that 
has  cooled  over  the  boiliag  and  restless  mass  beneath,  producing 
undulations  and  earth-waves  which  embrace  in  their  vibrations  a 
large  proportion  of  the  surface,  which  carry  terror  with  them,  and 
leave  destruction  behind  them.  "We  now  find,  that  besides  move- 
ments of  this  kind,  readily  and  immediately  perceived,  there  are 
others,  affecting  areas  no  less  extensive,  and  in  a  still  greater  and 
more  permanent  manner ;  modifying  the  form  of  land,  producing 
or  destroying  continents  and  islands,  and  effecting  changes  which 
in  their  turn  influence  the  conditions  of  life  upon  the  earth. 

•  LyeU's  "  Principles,"  ante  cit.  p.  76O. 
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'  Cbanges  of  this  kind,  so  considerable  that  it  is  difficult  fullj  to 
realize  their  amount,  so  majestic  in  their  progress  that  the  age  of 
man  is  hardly  an  appreciable  instant  in  reference  to  the  time  thej 
occupy,  so  directly  influencing  the  great  physical  features  of  the 
earth,  that  our  speculations  with  regard  to  them  carry  us  back  to 
an  early  period  of  its  existence,  wiU  at  once  be  recognized  as  of  the 
most  vital  importance  in  reference  to  the  continuous  and  ancient 
history  of  our  globe. 

And  the  facts  thus  learnt  harmonize  perfectly  with  other  phsBno- 
mena  of  nature,  for  they  speak  of  the  existing  condition  of  things 
as  incidental  and  not  permanent :  as  a  part,  and  a  very  small  part, 
of  a  mighty  and  continuous  whole. 

They  remind  us,  also,  that  if  we  study  nature  we  must  every- 
where, and  at  aU  times,  expect  modification  and  change.  The 
ideas  of  matter  and  motion  are  thus  seen  to  be  inseparable,  and  no 
rational  conclusions  can  be  arrived  at  without  bearing  this  truth 
constantly  in  mind. 

And,  lastly,  we  learn  that  although  there  is  nothing  permanent 
in  the  forms  which  matter  may  assume,  there  is  still  order  and 
unity,  and  the  most  enduring  permanence  in  the  laws  which  govern 
and  produce  them.  This  is  beyond  doubt  a  conclusion  of  infinite 
value,  for  it  connects  together  into  one  system  facts  and  groups 
of  facts  which  would  otherwise  be  discordant,  and  it  afforas  the 
key  for  the  solution  of  innumerable  difficulties  and  apparent 
discrepancies  observed  when  we  endeavour  to  trace  out  the  great 
plan  of  nature. 
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PART  11. 

MINERALOGY. 


CHAPTEE  VIL 

CBYSTALLOGRAPHY,  OR  MINERAL  SUBSTANCES  AS 
DETERMINED  BY  EORM  AND  STRUCTURE. 

200.  It  is  the  object  of  Mineralogy  to  describe  the  form,  the 
internal  structure,  the  chemical  composition,  the  physical  pro- 
perties, and  the  uses  to  man  of  all  those  natural  matenal  produc- 
tions which  are  not  organic,  or,  in  other  words,  of  those  not  capable 
of  reproducing  their  like  by  any  mutual  action,  and  not  mooified 
by  the  iofluence  of  life.  The  combinations  of  which  it  treats  are 
thus  identical  under  similar  circumstances.  In  simple  minerals, 
therefore,  of  which  the  particles  have  once  obtained  a  condition  of 
mechanical  and  chemical  equilibrium,  there  seems  to  be  no  tendency 
to  decomposition,  nor  would  any  change  be  likely  if  it  were  not 
for  the  action  of  chemical  forces  tending  to  rearrange  all  existing 
combinations  of  matter. 

201.  Like  all  Natural  History  sciences  in  which  numerous  in- 
dividuals have  to  be  described  in  their  mutual  relations  with  one 
another,  the  classification,  or  the  arrangement  of  like  individuals 
in  certain  groups,  is  a  most  important  preliminary  study,  since  it  is 
only  by  the  aid  of  arrangement  that  we  are  enabled  to  remember, 
communicate,  and  apply  our  knowledge.  In  a  good  systematic 
nomenclature  ideas  are  suggested  by  mere  position  in  the  system, 
and  a  knowledge  of  this  position  becomes  a  representative  of  the 
natural  substance  itself.  Without  such  a  basis  there  is  little  ad- 
vance to  be  made ;  and  thus  it  is  requisite  that  certain  properties 
should  be  admitted  and  recognized  by  which  the  different  groups 
are  naturally  and  readily  distinguished,  and  these  maybe  called  the 
characteristics  of  the  individual. 

202.  The  characteristics  of  minerals,  or  the  Natural  History 
properties  by  which  we  distinguish  one  fipom  another,  are  of  very 
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different  kinda.  They  include  colour,  external  form,  hardness, 
weight,  and  internal  structure,  as  the  most  important  visible  cha- 
racters, while  actual  chemical  composition  affords  most  valuable 
information  when  minute  comparison  and  further  investigation  are 
needed.  Besides  these  there  are  certain  optical  and  electrical 
properties ;  and,  lastly,  there  exist  very  well  marked  and  curious 
relations  of  form,  the  result,  probably,  of  chemical  action,  which  it 
is  necessary  to  consider  minutely  in  determining  the  true  nature  of 
simple  minerals. 

203.  It  may  seem  that  mere  form  is  not  likely  to  be  so  important 
a  character  in  the  determination  of  minerals  as  many  others,  for  we 
are  in  the  habit  of  regarding  stones  and  minerals  as  almost  without 
definite  shape.  In  reality,  however,  few  things  in  nature  are  so 
truly  and  neatly  defined  as  simple  minerals ;  and  on  looking  a  little 
more  closely  we  shall  find  that  this  is  the  case  not  only  externally, 
but  also  in  mtimate  structure,  so  that  not  only  are  many  substances 
found  in  nature  having  a  regular  shape,  but  these  can  often  be 
cleaved  or  split  readily  in  a  certain  way,  while  if  broken  in  any 
other  direction  they  exhibit  rac ^d  and  uneven  edges.  Such  bodies 
are  technically  said  to  exhibit  ttrudu/re,  because,  although  the 
texture  of  the  interior  of  other  stones  and  minerals  maybe  equally 
manifest,  vet  in  these  only  does  the  observation  of  textuie  lead  to 
a  knowledge  of  the  mode  of  formation. 

204.  The  various  natural  history  properties  of  minerals  require 
to  be  understood  before  it  is  possible  to  have  any  distinct  notion 
of  Mineralogy;  and  in  order  to  appreciate  these  properties  much 
attention  miut  be  paid  to  the  subje^  of  form.  It  is  fortunate  for 
the  student  that  the  number  of  original  forms  is  greatly  Umited 
in  nature ;  and  although  the  number  of  possible  combinations  of 
known  elementary  substances  is  almost  infinite,  the  Imowledge  of 
form  required  is  not  so  difficult  as  it  might  at  first  seem.  We 
must  firat  consider  the  subject  as  having  reference  to  structure 
generally,  in  a  mathematical  sense,  before  proceeding  to  the  other 
physical  characters,  such  as  the  chemical  composition,  or  the  mutual 
relation  of  the  various  physical  properties. 

205.  The  regular  forms  assumed  by  minerals  are  well  known 
under  the  name  of  erystaU,  and  the  part  of  mineralogy  which  refers 
to  it  is  thence  called  GBYSTAiiiiOeRAJPHY,  or  a  description  of  crystals. 
The  first  thing  to  be  done,  therefore,  is  to  become  familiar  with 
crystals,  especially  those  met  with  in  nature,  and  to  learn  the 
relation  they  have  to  one  another,  and  to  simple  commensurable 
solids  to  which  they  can  be  shown  to  belong. 

In  the  transition  from  the  gaseous  or  fluid  state  to  the  solid, 
many  substances  assume  the  rorms  of  regular  geometrical  solids 
bounded  by  plane  faces.    Such  'crystals'   occur,  whether  the 
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Bolidificadon  takes  place  b^  the  Beparataon  of  the  solid  from  an 
oqueouB  solution,  or  dt  cooUng  from  igneoua  fusion.  The  beauti- 
fiu  cryetala  occasionally  found  in  nature,  many  of  them  imbedded 
in  variouB  rocks,  have  been  formed  under  one  of  these  conditions. 
In  some  cases,  as  in  the  sublimation  of  sulphur,  a  substance  pro- 
ceeds at  once  from  the  gaaeous  state  to  the  solid  without  passing 
through  the  fluid  state.  In  others,  slow  coolins  from  a  high  tem- 
perature to  a  much  lower  one  auperinduces  the  same  condition, 
without  a  transition  from  one  condition  of  matter  to  another. 

Each  substance  usually  exhibits  a  peculiar  crystalline  form  of 
its  own,  althouKh  occasionally  the  same  substance  ciystaUizea  in 
two  distinct  and  incompatible  forms,  in  whu^  case  it  is  said  to  be 
dimerphoiM.  Sometimes,  also,  two  different  substances  are  found 
having  the  same  cryataUine  form,  and  they  are  then  said  to  be 
isamorpiotu*.  These  terms  wiU  be  subsequently  illustrated  at 
greater  length,  uid  their  bearing  on  mineralogy  considered. 

206.  When  aereral  crystals  of  the  same  substance  are  examined, 

we  do  not  find  amongst  them  an  abeolute  geometrical  identity  of 
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form.    The  annexed  figure  (86)  represents  a  group  of  alum  crystalB, 
in  which  the  actual  form  is  confused,  but  where  the  prevalence  of 
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an  arrangement  of  one  kind  of  forms  may  be  readily  distinguished. 
Widely,  however,  as  different  crystals  may  seem  to  depart  from  the 
normal  or  typical  form,  they  may  usually  be  traced  back  to  it  with 
more  or  less  difficulty.  Thus,  in  quartz  crystab,  where  the  usual 
form  is  that  of  a  six-sided  prism  terminated  by  six-sided  pyramids, 
the  sides  of  the  pyramids  are  by  no  means  always  regular  and 
alike,  for  they  are  of  various  sizes  and  in  various  relations  to  one 
another,  and  in  this  way  are  produced  many  irregularities ;  but  a 
careful  examination  shows  that  notwithstanding  apparent  modi- 
fications, and  in  spite  of  all  these  differences,  the  angle  between 
corresponding  faces  in  crystals  of  the  same  substance  is  invariable. 
Thus  the  angle  between  two  sides  of  the  prism  of  quartz  is  in- 
variably 120°,  and  the  angle  between  the  adjacent  sides  of  the 
pyramid  is  133°  44',  and  so  on. 
*  207.  Simple  crystalline  minerals  are  generally  so  constructed 
and  so  built  up  of  like  parts,  that,  by  proper  management  and  a 
skilful  hand,  we  can  obtain  an  ultimate  or  primitive  form  of  each 
crystal  by  splitting  off  parallel  &ces  of  various  thickness,  or  by 
removing  edges  or  angles  which  may  have  replaced  faces.  To 
practise  this  effectually  requires  a  Httle  familiarity  with  the  nature 
and  derivation  of  soM  figm^s,  and  the  terms  employed  in  speaking 
of  them. 

208.  The  following  are  the  more  important  laws  with  respect  to  this  property, 
which  is  technically  called  cleamage : — 

1.  It  is  imiform  in  all  the  varieties  of  the  same  mineral. 

2.  It  occurs  parallel  to  the  faces  of  a  fundamental  form  or  along  the  diagonals. 

3.  It  is  always  the  same  in  character  parallel  to  similar  &oes  of  a  crystal, 
being  obtained  with  equal  ease,  and  affording  planes  of  like  lustre— and  con- 
versely, it  is  dissimilar  parallel  to  dissimilar  planes.  Thus  it  is  the  same  parallel 
to  all  the  &ces  of  a  cube ;  but  in  the  square  prism,  the  deavage  parallel  to  the 
base  differs  from  that  parallel  to  the  sides,  because  the  base  is  imequal  to  the 
lateral  planes.  There  may  be  an  easy  cleavage  parallel  to  the  base,  and  none 
distinct  parallel  to  the  sides,  as  in  topaz;  and  the  reverse  may  be  true. 

4.  All  simple  minerals  do  not  submit  to  cleayage  with  the  same  readiness,  and 
in  some  the  difficulty  of  effecting  it  is  almost  insuperable.  Quartz,  for  example, 
cannot  be  cleaved  by  the  knife  and  hammer;  but  it  may  sometimes  be  made  to 
exhibit  the  property  by  plunging  it  into  cold  water  while  very  hot. 

5.  Some  minerals  present  peculiar  cleavaees  of  subordinate  character,  inde- 
pendent of  the  principal  cleavage;  thus,  c^c  spar  has  sometimes  a  cleavage 
parallel  to  the  longer  (£agonal  of  its  feujes, 

6.  Cleavage  extends  to  rock  masses,  where  it  is  observed,  as  in  slate,  chiefly 
with  reference  to  one  set  of  planes.  The  jointed  structure  of  many  rocks  is 
another  result  of  the  same  property*. 

209.  An  angle  is  well  known  to  be  formed  by  the  inclination  of 
two  lines  meeting  at  a  point,  or  two  planes  intersecting  in  a  Hne, 
or  three  or  more  planes  intersecting  at  a  point.  In  the  latter 
case  it  is  called  a  solid  cmgle  (fig.  37) .    If  from  a  solid  we  .cut  off  such 

*  Dana's  **  Manual  of  Mineralogy/'  p.  36. 
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an  angle  there  muet  be  a  face  instead,  and  this  ie  called  replacing  a 
solid  angle  by  a  plane  face.  K  the  figure  is  a  regulM  solid,  or  a 
solid  formed  symmetrically,  by  faces  some  of  which  are  simiW  and 
equal  (see  figs.  88,  39),  it  is  possible  to  alter  the  sohd  angles  or 
Fig.  87.  Fig.  89. 

Fig.  38. 
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replace  them  by  plane  faces  symmetrically,  and  still  retain  sym- 
metry. In  crystallography  it  is  always  supposed  that  changes  in 
crystals  take  place  symmetrically. 

210.  The  ejniroetrj  here  imderatood  is  strictly  mathematical,  and  Buppoaeg 


case  of  a  cube,  where  the  sides  are  all  equal,  and  the  solid  angl^  also  eiactly 
equal  and  placed  in  the  same  way,  it  would  mean  acting  at  the  same  time  in  the 
same  waj  and  to  the  same  eitent  on  all  the  eidee  together,  or  all  the  solid  anglee 
together,  or  all  the  edges  together.  If,  however,  the  figure  should  be  a  prism, 
such  as  a  double  cube,  then  Uie  four  enclosing  sides,  the  two  end  planes,  the  four 
edges  of  the  sides,  and  the  eight  edges  of  the  two  ends  would  have  to  be  considered 
as  distinct  groups,  and  any  one  set  could  be  acted  on  indopendenUj  of  the  other. 
Hence  arise  many  of  the  peculiar  modifications  of  form  seen  in  crystalline  solids, 
and  the  necessity  of  understanding  what  is  reallymeent  by  symnietrically  acting 
on  a  fimdamental  or  derived  form. 

211.  Besides  solid  angles  and  the  pluie  faces  which  enclose 
them,  and  of  which  every  solid  body  must  have,  at  least,  four, 
there  are  also  edgeg  formed  by  the  inclination  of  each  two  planes 
towards  each  other,  and  these  are  also  symmetrical  in  all  regular 
figures  (see  fig.  39).  If  we  take  the  cube  as  an  example  of  a 
simple  solid  (fig.  41),  there  will  clearly  be  six  equal  sides,  or  plane 
&ces,  all  squares ;  eight  equal  solid  angles  (each  exhibiting  three 
equal  plane  angles),  and  twelve  equal  edges ;  and  since  each  solid 
angle  is  made  up  of  three  plane  angles,  there  must  be  twenty- 
four  plane  angles.  In  this  case  all  the  plane  angles  are  right 
angles. 

212.  Now,  if  a  crystal  exist  in  the  form  of  a  cube  and  be  cleaved 
or  split  parallel  to  each  side  to  the  same  extent,  we  may  produce 
smaller  cubes ;  but  assuming  it  possible  to  remove  the  solid  angles 
symmetrically,  or  so  that  each  portion  removed  is  exactly  tdake, 
we  shall  obtain  a  different  solid,  also  regular,  but  derived  mim  the 
cube,  Such  a  figure  is  that  shown  in  fig.  40,  where  the  letter  a 
marks  the  original  surfaces,  and  o  the  new  surfaces  produced  by 
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the  removal  of  the  solid  angles.    The  new  surfaces  will  be  triangles 

whose  sides  are  all  equal,  and  the  old  surfaces,  though  reduced  in 

size  and  changed  in  position,  are  still  squares.  ...    ^^ 

The  figure  n^,  hJL  h»dng  ita  sixlqnare  ^-  ^- 

sides,  has  also  eight  trianguUr  ones,  and  is 

thence  called  a  c^e-octahearon*,  by  which  is 

metot  a  figure  combining  the  forms  of  the  cube 

and  octahedron.  It  has  twelve  solid  angles,  six 

square  plane  faces  (a),  eight  triangular  plane 

faces  (o)  which  are  derived,  twenty-four  edges 

and  forfy-eight  plane  angles. 

218.  Most  natural  oiystals  are  capable  of  being  CnlM-octaliedfwi. 

ideaved  or  apUt  in  some  partioolar  directions  in  accord- 
ance with  the  law  of  their  formation  \  and  by  aid  of  cleavage,  we  may  often 
deriye  one  sdid  from  another,  and  diBcover  tne  ample  and  randamental  form 
from  the  complicated  or  lees  simple  one ;  but  crystals  modified  in  this  way  can 
only  be  affected  according  to  the  following  laws  : — 

1.  All  the  similar  parts  of  a  crystal  are  similarly  and  simultaneously  modified, 
or, 

2.  Half  the  similar  parts  of  a  crystal,  alternate  in  position,  are  modified  in- 
dependently of  the  other  half. 

The  following  terms  are  employed  in  describing  the  modifications  of  czystals : — 

Replacement  i  an  edge  or  angle  is  replaced  when  cut  off  by  one  or  more 
secondary  planes. 

Tnmcaition ;  an  edge  or  angle  is  truncated  when  the  replacing  plane  is  equally 
inclined  to  the  adjacent  &oes. 

JBevehnent ;  an  edge  is  bereled  when  replaced  by  two  planes  which  are  respect- 
ively inclined  at  equtd  anjsles  to  the  adjacent  frkses.  Tnmcation  and  beyelment 
can  occur  only  on  edges  rormed  by  the  meeting  of  equal  planes. 

214.  In  describing  the  crystalline  form  of  a  body  it  is  necessary 
to  neglect  accidental  modifications,  and  consider  each  surface,  or 
enclosing  plane,  as  if  it  were  removed  or  supplied  in  perfect 
symmetiy.  The  ultimate  or  primitive  form  thus  obtained  may  be 
conveniently  called  the  ideal  eryBtal^  to  which  the  actual  crystal 
only  approximates,  sometimes  more  and  sometimes  less  distinctly 
(see  fig.  86).  One  reason  why  the  same  surfaces  do  not  always 
exactly  correspond  in  nature  is  in  consequence  of  accidents  of 
original  formation,  involving  a  partial  development  in  some  one 
or  more  directions,  the  resiUt  being  that  the  general  aspect  of  a 
crystal  is  often  so  diiferent  from  the  ideal  form,  that  it  is  difficult 
for  the  beginner  to  recognize  the  one  in  the  other.  It  is  highly 
important  that  this  point  should  be  carefully  attended  to,  since 
very  considerable  modifications  in  form  are  produced  even  by  so 

«  CfystalUne  fomu  are  often  described  bv  temu  borrowed  firom  the  Greek  language.  Thus, 
acta  signifies  eisht,  and  hedron  side ;  and  the  following,  derived  from  the  Greek  numerals,  and 
constantly  usedm  composition,  may  be  useful  to  assist  the  memory  of  the  student :— Aani,  half ; 
monoa,  one ;  tetra,  four ;  penta,  five :  hexa,  six ;  hepta,  seven ;  octa,  eight ;  deca,  ten ;  dodeca, 
twelve  i  <Aroci,  twenty.    Gonot  signifies  an  angle. 
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simple  a  derangement  bb  the  unequal  distance  of  the  plane  faces 
from  the  middle  point  of  the  ctysm. 

216.  In  order  to  obtain  a  starting-point  from  which  we  may 
more  closely  investigate  crystalline   form, 
certain  lines  hare  been  assumed  in  ciystala  ^'     ' 

under  the  name  of  axei,  with  regard  to  which 
the  different  plane  faces  exhibit  a  symme- 
trical position.  Thelines,  for  instmice,  drawn 
in  fig.  U,  through  e  the  centre  of  the  cube 
to  the  middle  points  of  each  side,  are  of  this 
kind.  All  the  lines  thus  drawn  are  of  equal 
length,  and  each  makes  right  angles  with  the 
other  two.    Ererything  tnat  can  be  done  or 

descrihed  with  respect  to  the  solid  can  be  referred  to  these  lines, 
and  all  calculations  made  much  more  conveniently  with  respect 
to  them  than  in  any  other  way. 

The  position  of  such  lines  or  axes,  and  the  relation  of  the  parts 
into  which  they  divide  the  crystal,  is  not  the  same  in  all  cases ;  imd 
with  respect  to  this  fundamental  character  six  different  crystalline 
systems  have  been  assumed,  which  iUuetrate  the  whole  subject  of 
er3rBtalline  form. 

216.  1st. — The  reffular  (also  called  oetahedrat,  monam^trut  or 
tetteral)  t^ttem.  In  this  there  are  three  similar  and  equal  axes  at 
right  luigleB  to  one  another.  This  system  includes  the  cube,  the 
octahedron,  the  dodecahedron,  and  a  number  of  other  well-known 
figures. 

2nd. — The  iqvare  prUmatie,  at  dimetrio  lyttem.  Here  the 
three  axes  are  at  right  angles  to  one  another,  but  axe  Dot  all  equal 
to  one  Miother.  It  includes  the  square  prism  and  square  octa- 
hedron. •-  /■w>~oi./^a. 

'  8rd. — The  }texag<niai  ^ttcm.  There  are  in  this  four  axes,  of 
'  wUch  three  are  similar  and  in  one  plane,  intersecting  one  another 
at  an  angle  of  60°,  while  the  fourth  axis  is  dissimilar  and  at  right 
angles  to  the  plane.  It  includes  the  rhombohedron  and  hexagonal 
pnsm. 

4th. — ^The  rhmhie,  priimaHe  or  trtmetrio  gyitem.    In  this  are 
three  axes  all  at  right  angles  to  one  another,  but  all  dissimilar  in 
length.     It  includes  the  right  rhombic  prism,  the  right  rectangular 
■  prism,  and  the  rhombic  octahedron. 

5fch.— The  monocUnU,  or  oblique  prUmatie  system.  There  are 
here  three  dissimilar  axes,  two  of  them  not  at  right  angles  to  one 
another,  but  the  third  at  right  angles  to  both  of  them,  and  to  the 
plane  in  which  they  are.  It  includes  the  right  rhomboidal  prism, 
and  the  oblique  rhombic  prism. 

eth. — The  triQlinie,  or  doubly  oblique  pritmatie  lyttem.    The  axes 
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in  this  ore  dissimilar,  and  no  one  of  them  is  at  right  angles  to  the 

others.    It  includes  the  oblique  rhomboidal  prism. 

217.  The  relatiTe  importanoe  of  each  system  will  be  best  understood  by  the 
following  table  of  851  minerals  referred  to  crystalline  systems  in  one  of  the 
latest  works  on  Mineralogy  (Nicol's  "Mineralogy'*).  Out  of  the  whole 
number  of  species  there  described  (506),  86  are  mentioned  as  amorphous, 
64  massive,  and  21  compact.  Several  are  doubtful,  some  dimorphous,  and 
some  isomoiphous. 

Ist.    Begular  system 67 

2nd.  Square  prismatic  system   83 

Srd,  Hexagonal  system 66 

4th,  Bhombic  system 107 

5th.  Monoclinic  system 64 

6th»,  Triclinio  system 14 

851 

It  should  be  mentioned  that  the  rhombohedral  forms  of  the  third  system  are 
sometimes  distinguished  from  the  hexagonal.  Of  the  number  of  species  in  the 
third  system,  33  belong  to  the  former,  and  the  same  number  to  the  latter 
division. 

The  Firstf  or  Begula/r  System, 

218.  It  is  usual  to  consider  the  regular  octahedron  as  the  funda- 
mental or  ideal,  as  it  is  the  simplest  form  of  the  regular  system. 
It  is  a  soUd  enclosed  within  eight  similar  and  equal  tnangles.  The 
soHd  angles,  the  edges,  and  the  angles  which  the  plane  faces  make 
with  each  other  are  aU  equal,  the  latter   ,  j^jg.  42. 

being  109°  28'.  The  axes  are  the  lines 
joining  opposite  angles,  and  are  all  equal, 
and  at  right  angles  to  one  another,  In 
the  figure  (42)  the  angles  are  marked  by 
the  letter  a,  the  edges  by  n,  and  the  plane 
faces  by  o*.  The  whole  may  be  regarded 
as  a  double  pyramid  perfectly  symmetrical 
in  every  respect. 

The  regular  octahedron  is  a  form  which 
many  substances  commonly  assume,  both 
simple  minerals  and  substances  obtained  in  a  crystalline  form  by 
artificial  means.  Among  the  former  we  may  mention  magnetic 
iron,  and  among  the  latter,  perfect  crystals  of  alum. 

219.  Yarious  modifications  of  the  octahedral  form  are  produced 
by  removing  portions  of  the  solid  by  planes  parallel  to  one  or 
more  of  the  different  plane  faces,  edges,  or  solid  angles.  In  this 
way  are  obtained  the  common  crystals  of  alum  (seefig.^6,  p.  123), 

*  In  the  subsequent  figures  illustrating  this  subject,  the  same  letters  are  used,  with  the  same 
significance  The  small  letters,  as  explained  in  the  next  paragraph,  represent  the  corresponding 
part  of  derived  solids :  thus,  the  angles  a  become  in  fip.  42  plane  faces  a,  the  edges  d  are  re- 
placed by  otiier  edges  f  in  the  same  figure,  and  the  plane  faces  0  become  angles  o. 
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some  of  the  salts  of  lead,  and  many  other  minerals.     The  following 
are  simple  secondary  forma  deriTed  from  the  octahedron : — 

1. — The  cnie  or  hexahedron,  as  seen  in  fig.  43.  In  this  the  solid 
angles  (jl)  of  the  octahedron  (fig.  42)  are  supposed  to  have  been 
replaced  (or  cut  off)  by  plane  faces  (a),  in  wWh  case  the  plane 
faces  (o)  become  solid  angles  (o)  ;  the  edges  (d)  diawpear,  teii 
other  edges  (f)  are  formed  at  right  angles  to  them.  Each  of  the 
solid  uigles  in  this  case  has  been  removed,  as  iar  as  the  central 
points  of  each  of  the  triangular  plane  faces, 

2. — The  dodecahedron  (tig.  44)  is  formed  by  twelve  rAoMftic*  faces,  ' 
the  angles  being  of  two  kinds.  In  this  figure  the  edges  (n)  of  the 
octahedron  have  been  replaced  by  planes  ^),  the  plane  faces  (o)  by 
solid  angles  (o),  and  new  edges  (a)  are  introduced  at  the  intersec-  , 
tion  of  the  planes  (i^).  The  original  angulu*  points  of  the  octa- 
hedron (a)  are  retained,  but  the  planes  of  which  the  angle  is  made  ' 
up  are  altered. 


3. — The  teU-akU-kexahedron,  or  pyramidal 
hexagon  (fig.  45),  is  a  solid  of  twenty-four  *' 

faces  consisting  of  a  cube  surmounted  on 
each  plane  face  by  low  pyramids.      It   is 

hardly  necesswy  to  describe  the  way  in  which 
either  this,  or  the  pentagonal  dodecahedron 
(fig.  46)  is  derived,  fiirther  than  by  men- 
tioning the  introduction  of  faces  marked  dj^, 
which  will  readily  be  seen  to  have  reference 
to  the  faces  4,  derived  in  the  dodecahedron 
from  the  edges  of  the  octahedron  marked  D. 
There  are  also  some  other  forms  rarely  met  Pentagonal  dodeMhedron. 
with,  and  which  need  not  here  be  noticed. 

220.  Besides  the  ordinary  modifications  of  a  crystal  by  the  treats 

•  A  rhomh  u  upline  figure,  of  wblch  ill  (he  siJei  and  aiaoppMite  ungln  an  ecjuil,  hut  Ihe 
*ngl<3  in  not  r%hl  angln,  TheitudenC  should  beiwanof  the  difTitKDce  betwetn  the  rhomb 
V  above  deJinediDd  therhoinb(Hd,vhich  ntian  a  plane  dgure  frjth  imgLei  not  tight  anglet,  but 
in  which  ojilj  Ihe  oirpoute  tidet  uid  not  all  the  lidei  ue  equal. 
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ment  of  escli  part  BTmmetrically,  there  are  also  to  be  considered  the 
half  modiflcations  already  alluded  to.  Forme  of  this  kind  are  caUed 
hemihedral,  or  half-eided;  and  one  of  the  mmplest  ie  obtained 
from  the  octahedron,  by  continuing  alternate  &ce«  till  the  inter- 
mediate faces  disappear.  .^  According  to  the  iaoes  made  to  dieap- 
pear,  fhe  result  will  assume  one  of  the  forma  represented  in  the 
diivgrams  figs.  17,  48,  which  are  perfectly  equal,  but  differ  in  po- 
sition. The  figure  is  called  the  tetrahedron,  or  four-sided.  The 
dodecahedron  (fig.  14)  may  be  derived  in  the  same  way,  uid  may 
beregardedasahemi-  — ,    ,_  _    ,„ 

hedSltormobtmed  ^"-  "«■  **■ 

from  the  tetrakis- 
bezabedron,  which  is 
a    twenty-fbur-sided 


to  the  cases  of  com* 
bination  belonging  to 
the  first  system.    In 

the  first  of  these  (fig.  '"'"  "^ ' 

49),  the  form  of  the  octahedron  prevails,  and  in  the  next  (fig.  60) 
the  cube  form  pre-  j^  5q 

vails.  Both  are  com- 
binations of  the  cube  "Big.  49. 
with  the  octahedron. 
"When  the  two  forms 
are  equally  deve- 
loped, the  resultant 
figure  is  the  cube-oc- 
tahedron already  re- 
ferred to  (fig.  40). 

The  next  figure  (51)  represents  a  combination  of  the  dodeca- 
Fig.  61. 

Kg.  B2.  ^-  53. 


hedroD  and  the  octahedron.     In  this  figure  the  faces  (o)  of  the 
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octahedron  predominate,  and  t}ie  form  obtained  by  the  modifica- 
tion ia  veiT  peculiar.  Fig.  62  ia  a  combination  of  the  cube  with 
the  dodecahedron,  and  fig.  53  that  of  the  tetr^iedron  with  the  cube. 
These  are  the  principal  combinationa  met  with  in  nature,  but  we 
add  the  fimire  of  a  combination  of  three  forms  (aee  fie.  64),  ris. 
the  cube  (a)  (which  dominates)  with  the  octahedron  (a),  and  the 
dodecahedron  (d). 

222.  Among  ths  forms  of  crfgtaUme  bodies  moit  important  to  be  known, 
■nd  belonging  to  the  firat  or  regular  sjBtem,  are  the  foUawing.     The  names  of 
le  minerals  frequently  met  vitb  of  the  difbrent  forma,  are  added  u 


s:ss.<t-±^,^£'sir&s    •^■"• 


"s^ 


bodeoihedroD  (iQ  : — Oamet,  Hauyne  (fig.  41). 
Firat  ikoei-letnLhedron : — Leocite,  Qarnet,  Analdt 
Homi-octahedron      (tetrahedron)  :  —  Grey     copi 
Blende  (figt.  47,  48). 


Itirillbensiljm 


i>  theBame,&mJiieRjmii]rpreieatitoelf  in 

withont  bemg  dimorphoni.    Urns  Garnet  ii  am 
dodeoaliedral  and  Bometimea  iko«>tetrabednL 

223.  The  piindnl  abmiduit  or  nsefiil  minerala  i^tal^iiiig  in  the  first 
Bjetem  are  Ine  following : — *1nm,  .Analclme,  Blende,  Boraoite,  Native  capp«r, 
Chronukte  of  iron.  Diamond,  FInor  spar,  Galena,  Garnet,  Gold,  Gre;  copper, 
Horn  silver,  Native  iron,  Iron  pTrit«8,  Leacite,  Magnetic  iron  ore.  Native  mer- 
ourf,  Bed  oxide  of  copper,  Bock-uJt^  Sal-ammoniac,  Native  eilver,  SmaUdne, 
Spinelle. 

l%e  Second,  or  Square  Prismoiio  Syttem. 

224.  The  fimdunental  form  of  this  system  ia  the  square  octabe- 
dron,  a  figure  which  differs  from  the  regular  octahedron  in  the 
vertical  azia  being  either  hmger  or  shorter  than  the  horizontal 
axes.    The  adjacent  figure  (65)  represents  the  solid  in  the  latter 


Fig.  G6. 


Fig.  56. 


Pig.  57. 


case,  TheTertical  axis  in  this  system  has  no  proportional  relation 
to  the  others ;  in  Zircon,  for  instfoice,  the  relation  is  as  0'64  to  1, 
and  it  varies  with  the  mineral  species. 
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The  eight  eides  of  the  square  octahedron  are  triangles,  all  equal 
to  each  other ;  hut  they  ore  not  equilateral  trianglee.  The  section 
through  the  lateral  angles  (i.)  is  a  square,  and  is  colled  the  base 
(see  fig.  06),  while  the  section  through  the  vertical  angles  ia  a 
rhomb  (fig.  67).  Each  aolid  angle  is  composed  of  four  equal  angles, 
hut  those  at  the  vertex  are  not  equal  and  similar  to  those  at  the 
base.     There  are  thus  two  dimensions  of  solid  angles. 

225.  In  all  the  octahedrons  of  the  second  system  the  principal 
axis  joins  the  two  vertical  angles,  but  the  secondary  axes  may  have 
either  the  position  seen  in  fig.  58,  joining  the  opposite  angles  of 
the  hose,  or  that  of  fig.  59,  uniting  the  middle  pomta  of  opposite 
sides.  The  two  kinds  of  figures  thus  formed  ore  called  respect- 
ively the  direct  and  the  inverse,  or  octahedrons  of  the  first  and 
second  class. 

Pig.  60. 
P«-  M.  Fi«.  59. 


226.  The  combinations  of  the  second  system  include,  first,  that 
of  the  direct  and  inverse  octahedrons  with  each  other,  as  shown  in 
fig.  60,  which  baa  the  edges  (i>)  and  the  angle  (c)  replaced  by 


sides  d  and  e.  In  fig.  61  is  a  combination  of  the  primitive  octa- 
hedron with  the  right  prism  of  the  same  class,  in  which  the  edges 
a  are  replaced  by  plane  faces  y.  We  have  next  (fig.  62)  the  com- 
bination of  the  acute  octahedron  with  the  right  prism  of  the 
second  class,  the  latter  being  the  principal  form ;  and,  thirdly  (fig. 


BYSTEMB  or  CBT8TALLIZATI0N.  133 

63),  the  obtuse  or  primitive  octahedron,  with  the  priflm  of  the 
second  class,  the  ochuiedroii  dominating. 

"When  the  edgea  of  the  long 
square  octahedron  are  truncated,  Vig.  64.  pig.  6S. 

the  resultant  figure  becomes  a 
prism ;  and  this  ma;  either  re- 
main a  paraUelopiped  or  be  ter< 
minated  with  a  low  pyramid. 
Thua  the  combination  of  the  pri- 
mitive octahedron  with  the  right 
prism  of  the  same  class  gives  the 
figure  represented  in  64. 

Lastly,  fig.  65  represents  the 
primitive  (obtuse)  octahedron 
combined  with  the  acute  octa- 
hedron of  the  same  class  and  the 
right  prism  of  the  second  class.    The  prism  here  dominates. 

227.  The  hemihedral  forms  of  the  second  system  correspond 
with  those  of  the  first,  and  the  hemi-octahedron  is  the  most  im- 

fortant.  CrystalB  of  this  kind  are  derived  &om  the  square  octa- 
edron  of  both  classes,  just  as  the  tetrahedron  is  derived  from  the 
octahedron,  the  jaces  being  isosceles  triangles,  the  edges  of  two 
kinds,  and  the  angles  uneqnal.  Copper  pyrites  occurs  in  this 
hemihedral  form. 

S28.  ThefoUowiiigare theprincipalnunenlsof this syitem, viz. — Apoplijllite, 
Copper  pyritee,  Ido^nse,  Batile,  Scapolite,  Tin  ore,  and  S&mm. 
The  Third,  or  Meceagonal  SgHem. 
229.  The  forma  which  belong  to  this  system  have  four  axes, 
three  of  which  ta&  equal  and  in  one  plane,  making  angles  of  60° 
with  each  other,  and  tbe  other  axis  is  at  n^t 
angles  to  the  plane  in  which  these  are.    The  Fig.  66. 

vertical  axis  is  taken  as  the  principal  axis. 
No  relation  exists  between  the  length  of  the 

Srindpal  and  secondary  axes.  The  diaraam, 
g.  66,  represents  the  principal  simple  form, 
consisting  of  two  hexagonal  pyramids  on  a 
common  heii^onal  base.  The  faces  are  iso- 
sceles triangles.  The  edges  are  of  two  kinds, 
twelve  terminal  (n),  and  six  lateral  (a).  The 
solid  angles  are  also  of  two  kinds,  two  termi- 
nal or  vertical  (c),  and  six  horizontal  or  late- 
ral  (a).  There  are  also  twelve  plane  feces  (r).  This  figure  is  the 
hexagonal  dodecahedron. 

There  ore  two  claues  of  dodec&bedronB  dependent  on  the  dupoeition  of  the 
Beoondar;  aiea  with  nwpBot  to  the  base.    In  the  Bnt  cIbm,  the  axea  join  tha 
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mnglM  of  the  bMs,  u  in  fig.  6?  j  and,  in  the  Moond  djM, 
of  the  oppodte  ude*,  u  in  fig.  6&  Heooe  ntolt  wmB  o 
rived  form*. 


230.  The  rAo«i6o*«fro»,  or  A«nt-d<wfeeo4«Awh  i«  a  form  derived 
from  the  dodecahedron,  and  admita  of  two  varieties,  the  one  repre- 
sented in  £g.  69,  and  another  having  the  same  relation  to  this  aa 
the  second  tetrahedron  has  to  the  first.  These  are  the  hemihedral 
forms  of  the  third  ^stem,  and  they  are  very  important,  aa  the 
number  of  mineralB  cryetalliziDg  in  this  manner  is  aa  large  as  that 
in  which  the  forms  are  not  hemihedral. 

231.  The  combinations  in  thia  ayat^m  are  vwied,  and  have  con- 
siderable interest,  but  it  ia  not  necessary  to  describe  many  of 
them.    In  fig.  70  ia  that  of  the  primitive  dodecahedron  with  the 

1^.70. 

Fig.  71. 


first  derived  priam.  It  is  the  moat  useful  form  of  Quartz.  The 
next  figure  (fig.  71)  represents  the  prism  combined  with  the  prin- 
ciptJ  rhombohedron.  We  sometimes  find  a  hexagonal-  prism  (72) 
terminated  by  plane  laces — a  combination  of  the  prism  and  the 
terminal  faces. 
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Qiwphite,Um-axBlorH>giiMiMiinie»,PjTOinon)lut«,Qiiaiti,  aod  B«d  oxide  of 
tine.  The  fblloiriiig  are  tuualh  rhomlxdiedm  (Ju^Mtdrat)  fomu : — KUiTe 
sntimonj,  Native  tnenio,  Cal&mme,  Colo  epu-,  Chstwdte,  CiniwbaT,  Corundum, 
Ddomile,  HiuigAiiese  spar,  Spatiiic  iron.  Specular  iron,  ind  Tounruline. 

The  Ibvrth,  or  MhonAie  Bg»Um. 

283.  The  cluuacteristic  of  this  syatem  ia,  that  although  the  three 
szes  of  the  octahedron,  which  ia  i^  Amdamental  form,  are  at  right 
angles  to  one  uiother,  as  in  the  regular  and  square  prismatic  bj- 
stema,  no  two  of  them  are  eqiK^  to  each  other.  The  relation  of  mag- 
nitude atso  ia  different  for  (hfferent  hodiea,  and  no  one  of  the  axes 
can  be  considered  the  principal  one ;  although,  for  the  sake  of  con- 
venience, the  one  moat  commonly  presented  as  principal  in  the  ordi- 
n^y  form  of  any  particular  cryatal  is  aometimes  ao  deaignated. 

la  this  system  the  common  base  of  the  octahedrons  is  a  rhomb 
and  not  a  square ;  it  haa  therefore  two  obtuse  and  two  acute  angles, 
and  ita  diagonals  are  unequal.  Thia  ayatem  includea  alao  the  octa- 
hedron witn  rectangular  base  and  its  dmved  forms,  and  is  thus 
connected  with  the  second  or  square  priamatic  ayatem. 

It  hence  results,  that  of  the  six  angles  of  the  fi^^ure  there  axe 
only  two  and  two  alike,  ao  that  they  can  be  aymmetncally  modified 
only  to  thia  extent.  The  only  aimple  form  is  the  right  octahedron 
with  B  rhombic  base,  fig.  78,  of  which  figs.  74,  75  are  the  aectiona 
made  by  planes  throng  the  t^minal  edges.  Fig.  76  represents 
the  base,  which  admits  of  great  varieties  of  form  in  some  of  the 
modificationa. 


234.  The  compound  forma  of  this  ayatem  are  aeveral.  In  fig.  77 
is  a  combination  of  two  of  the  octahedrons  with  a  prism  and  the 
terminal  face.  Fig.  78  is  the  princij)al  octahedron  combined  with 
two  vertical  prisma ;  fig.  79,  a  combination  of  horizontal  prisms ; 
and  fig.  80,  a  combination  of  the  vertical  prism  with  the  terminal 
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foce.    Lastly,  we  have,  as  in  fig.  81,  combiiiation  of  the  principal 
octahedron  with  the  lateral  faces  a  and  b. 

Pig.  80. 
fig.  77.  ^-  ?8.  ^^^^^^^^^  Fig.  Bl. 


235.  Hemihedral  forms  ore  preseDUid  unonsst  tJie  cry sCalg  refrared  to  the 
ftnirtb  ejBtem ;  but  fbej  are  rnocb  more  me  in  it  Qmn  in  the  othen.  Sulpbal« 
of  magneaia  pTesents  a  tetrahedrmi  of  this  nature,  and  in  Maoganite  there  is  a 
oombuiatioii  in  which  it  appfairs.  There  are  no  heraihednil  forms  of  the  fifth 
OF  sixth  ajBtems  found  in  nature. 

336.  A  very  larce  number  of  minerali  are  referred  to  this  sjstam,  which  ap- 
pears to  admit  of  innumerable  Toriations  and  modificationB,  reflembhng  each 
other  Mid  often  approximating  to  the  forma  of  the  regular  and  square  prismatic 
sj»t«ins.  The  following  maj  be  r^arded  as  the  moat  interesting  and  beet  known 
apedaa : — Andalusite,  Anhidrite,  Arragonito,  Celeetine,  Sulphuret  of  antimony, 
Earmotome,  Heavy  spar,  Brown  hasmatite,  lolite,  Jenite,  Manganito,  Mesotjpo, 
Uispickel,  Nitre,  OUymB,  Orpiment,  Prehnito,  I^rolusite,  Ruby  silvBr,  Stauro- 
tide,  Stilbito,  Strontianite,  Sulphur,  Tale,  Topaz,  Wavellito,  Witherite. 
6th.  MonocUnic  or  Oblique  Pritmatic  8y»iem. 

237.  In  this  ByBtem  there  are  three  unequal  axes,  one  at  right 
imgles  to  the  plane  in  which  are  the  two  othera,  which  latter,  how- 
ever, are  not  at  right  angles  to  one  aoother  in  that  plane. 

The  anneied  figure  (82)  is  an  octahedron  of  the  monoelinic 
Bystem.     It  differs  eseentiaDy  from  the  octahedrons  already  de- 
Bcribed,  not  being  enclosed  by  eight  equal  triangles,  but  by  scalene 
Pig.  82.  ^W-  S3- 


triangles  of  two  kinds.    It  ia  not  met  with  in  nature  in  its  simpler 
forms,  being  obtiuned  only  in  combination.     The  section  obtained 
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through  the  terminal  edges  is  represeBted  in  fig.  83,  and  is  a 
paraUetogram.  The  section  through  the  lateral  edges,  fig.  Si,  is  a 
liiomb,  and  forms  (he  base. 

Infigiire82  the  four  edges  in  each  of  the  two  planes  in  which  are 
two  axes  not  at  right  angles  to  one  another,  are  similar  and  equal : 
of  the  other  edges  those  opposite  one  another  are  similar  and  equal. 

The  four  sumces  cut  off  by  similar  planes  at  either  of  the  sets 
of  equal  edges  form  rhombic  prisms,  of  which  the  edges  are  in 
each  case  parallel  to  one  of  the  axes.  These  may  be  called  oblique 
rhombic  prisms ;  and  in  all  ciystab  of  this  system  an  oblique 
rhombic  prism  may  be  considered  as  the  prevailing  form,  which 
tnOT  be  so  placed  that  the  edges  are  in  a  horizontal  ^ane. 

The  octahedrons  of  this  group  may  be  much  varied  in  ciystals  of 
the  same  miner^  species,  according  to  the  length  of  their  axes. 
The  combinations  Tary  also  greatly ;  but  though  not  a  true  simple 
ibrm,  one  condition  of  the  solid  requires  to  be  assumed  as  the  pri- 
mitive form,  while  the  others,  having  relations  to  this,  must  be 
considered  ae  derived. 

238.  The  oblique  octahedrons  are  figures  of  which  the  faces  are 
inclined  at  once  to  each  of  the  three  axes ;  but  there  are  two  other 
groups  of  Monoclinic  crystals,  those,  namely,  of  which  the  faces 
are  inclined  towards  two  axes  being  parallel  to  the  third,  and  those 
in  which  the  faces  are  inclined  towards  one  axis,  and  parallel  to 
two  others.  Of  these  the  former  are  four-sided  prisms,  which  may 
be  divided  into  three  principal  classes,  viz.  four-sided  prisms  whose 
faces  are  parallel  to  tne  prmcipal  axis,  and  those  whose  faces  are 
parallel  to  the  second  or  third  asis  respectively.  Some  of  the 
c^stals  of  Gypsum  (fig.  86),  and  a  combination  met  with  in 
Mesotype,  are  examples  of  the  first  class,  and  fig.  87  (a  form  of 
Pig.  85.  Fig.  86.  Kg.  87. 
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^Toxene)  represents  the  second.     They  are  frequent  and  charac- 
teristic combinations. 

In  the  umeied  diagram,  flg.  85  represents  a  combinaUon  of  the  complete 
prindpsl  octahedron  with  the  prinvipkl  vertical  priam  and  the  terminal  fkcea. 
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Ths  nqdi  diagram,  fif.  86,  u  a  oomUnation  of  the  oblique  uiUriorpriinii  of  the 
princinal  octahedron  nth  iti  vertiad  priam  aod  the  tormioal  &oe.  Fig.  87  ii 
K  oombinatdon  of  the  oblique  posterior  priim  of  the  principal  octahedron  of 
Pyroxene  with  its  tenniiud  oblique  poaterior  bee,  ita  rertioal  priim,  and  the 
flnt  and  eecond  lateral  ftoet. 

2S9.  The  fbUoviDg  are  the  moit  intereating  of  the  minerali  Mferred  to  the 
Uonoclinic  ajitem,  riz. : — Angite,  CroooiBlM,  C^anite,  Spidot«^  Pdipar,  Ojp- 
aum.  Hornblende,  HTpenthene,  Ualaohite,  Mu»,  Bealgar,  Bpbene,  T^hIaf 
«pnr,  laio,  Tivianite,  Wolfram. 

6th.  TneUme,  or  Doubly  Oblique  IPritMatio  &fttem. 
210.  In  this  STstem  all  the  tbree  axes  are  unequAl,  and  neither 
Fig.  90. 


of  them  ia  at  right  angles  to  two  others.  The  octahedron  of  thia 
system  (fig.  88)  never  appears  in  its  complete  state.  It  is  formed 
of  eight  Bides,  of  which  only  the  pair  parallel  to  one  another  are 
equal  and  similar,  so  that  each  pair  of  Bueh  aides  may  undergo 
modification  difierectly ;  and  this  ia  the  case  also  with  the  edges 
and  angles. 

The  oblique  rhombic  prism  of  the  fermer  system  corresponda 
with  the  oblique  prism  of  fig.  89 ;  but  the  latter  figure  has,  it  will 
be  seen,  only  the  diametricdlj  opposite  and  parallel  faces,  angles, 
and  edges  equal  and  similar.  The  aimple  form  (fig.  89)  is  the  ideal 
or  fimc^nentat  form  of  Sulphate  of  copper. 

241.  The  possible  modifications  of  form  of  this  system  are  nu- 
merous and  highly  complicated,  but  the  forms  actually  presented 
in  nature  are  very  few,  and  it  includes  but  a  small  number  of 
minerals.  One  of  the  most  simple  forma  is  represented  in  a 
diagram  (fig.  90).  It  is  a  crystal  of  Axioite,  aad  ia  a  combination 
of  the  left  vice  of  the  principal  octahedron  with  parts  of  the  ver- 
tical prism  and  several  &cea. 

Jline  minerala  referred  to  this  sjatem  ia  but 
rfsny 
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243.  The  ultimate  forms  of  crystals,  and  the  system  to  which 
they  must  be  referred,  depending  thus  entirely  on  the  angles  which 
one  side  makes  with  another,  it  oecomes  necessarjr  to  measure  and 
determine  these  angles  accurately.  As  abeady  shown,  the  system 
may  be  determined  theoretically  by  replacing  the  missing  angles, 
edges,  or  sides ;  but  since  the  change  of  form  in  a  true  crystal  is 
always  symmetrical,  and  the  natural  faces,  which  may  easily  be 
determined,  are  aU  inclined  at  the  true  angle  towards  each  other, 
the  measurement  of  this  angle  is  a  mechanical  operation,  requiring 
some  care  and  some  knowledge  of  Crystallography.  Instruments 
haye  been  contrived  for  the  purpose,  under  the  name  of  Gonuh 
meters  Qonos  an  angle ;  meter  measure). 

244.  The  common  goniometer  (fig.  91)  consists  of  a  semicircular 
arc,  divided  into  180  degrees,  and  terminated  by  a  diameter,  a  h. 
It  is  provided  with  two  arms,  pig.  gx, 

one  of  which  (y  k)  is  capable 
of  a  sliding  motion  in  the 
direction  of  the  diameter, 
along  which  it  is  placed,  and 
the  other  arm  (a  f)  turns 
on  the  centre  of  the  arc. 
Each  of  these  arms  is  parti- 
ally slit,  to  allow  of  the  parts 
on  one  side  of  the  centre 
being  shortened,  and  thus 

admit    of    a    more    accurate  Common  Goniometer. 

measurement  of  small  crystals.  The  fisbces  of  a  crystal  whose  angle 
of  inclination  is  to  be  measured,  are  applied  between  these  arms 
when  opened  just  sufficiently  to  admit  them ;  and  when  the  arms 
are  found,  on  close  examination,  to  touch  them  both  along  the 
whole  length,  the  number  of  degrees  may  be  read  off  on  the  edge 
of  the  revolving  arm. 

In  the  absence  of  such  an  instrument,  results,  often  sufficiently 
near,  may  be  obtained  by  making  a  pair  of  extempore  arms  of  card, 
and  laying  off  the  angle  when  measured  on  a  piece  of  paper,  when 
it  may  be  determined  either  by  a  scale  or  any  graduated  arc.  It 
is  seldom  that  by  the  common  goniometer  we  can  measure  within 
a  quarter  of  a  degree  of  truth,  and  this  is  rarely  sufficient  to  have 
any  important  scientific  value. 

246.  The  reflecting  goniometer  is  a  &r  more  accurate  instrument 
than  the  former,  and  may  be  applied  with  as  much  convenience  to 
very  minute  crystals,  which  are  generally  more  perfect,  as  to  larger 
ones  which  alone  can  be  measured  by  the  former  instrument.  It 
is  found  that  surfaces  of  x^*^.  P^^  ^\  ^  ^^^  ***  sufficiently  large 
for  the  purpose  of  determination  by  it. 
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The  inBtniment  (fig.  92)  conMata  of  a  moveable  circle,  ll,  having 
a  rim  graduated  to  half  degrees,  and  a  fixed  v^mier  scale  for  more 


minute  measurementB.  A  hollow  main  axis,  a  h,  pasaeB  through 
the  centre  of  the  circle,  and  another,  a  e,  paasee  through  it,  turned 
by  the  handle  «,  by  which  the  crystal  onLy  ia  moved,  in  order  to 
complete  its  adjustment.  The  crystal,  z,  being  then  conveniently 
fixed,  by  meaos  of  a  piece  of  wax  or  in  any  other  way,  upon  the 
extremity  of  the  smaller  axia  (and  it  is  necessary  to  he  so  fixed 
that  a  line  drawn  on  the  face  to  be  examined  is  parallel  to  the 
main  aiis),  the  circle  is  set  with  the  mark  of  180°  opposite  the  zero 
point  of  the  vernier,  and  a  horizontal  line,  previously  assumed  as 
a  mark,  is  observed  by  reflexion  &om  the  face  of  the  crystal  to 
coincide  with  another  corresponding  mark,  the  eye  being  Drought 
quite  close  to  the  crystal  and  almost  in  contact  with  it.  A  bar  of 
a  window-frame  may  be  selected  as  one  mark,  and  a  horizontal  line 
on  a  slate  as  another,  and  the  main  axis  is  then  turned  until  the 
same  line  is  seen  reflected  in  the  next  face  of  the  crystal  into  the 
same  place.  The  angle  between  the  faces  may  then  be  read  off  by 
the  assistance  of  the  vernier.  The  circle  is  placed  vertically  by 
the  aid  of  the  screws  x,  and  the  support  pqr,  and  is  moved  by  the 
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&oe  of  a  cnstAl,  and  the  arjatal  be  turned  round  until  another  bee  repre«ent« 
the  lame  object  in  the  same  spot,  the  dytrtal  moet  haTe  been  turned  through  an 
angle  equal  to  the  difTerenee  between  the  angle  of  the  two  &oee,  and  the  angle  of 
the  ciyatal  can  be  thus  obtained. 

246.  "We  have  been  considering  in  the  preceding  pages  crystals 
whoae  form  is  theoretically  perfect ;  but  it  is  very  rare  that  such 
perfection  is  found  in  specimens  of  minerals  presented  for  obser- 
vation, and  if  it  does  occur,  the  size  is  generally  extremely  minute. 
Many  facea  in  the  crystals  commonly  met  with  are  deformed,  im- 
perfect, broken,  rudimentary,  or  altogether  wanting,  and  the  very 
grouping  together  of  a  multitude  of  individuals  prevents  any  one 
of  them  from  retaining  its  Fig.  88. 

normal  condition.    Thus, 
fbr  example,  the  form  of 

quartz   orystds    usually  Pj^  ^ 

approximated  is  the  hex- 
agonal prism  terminated 
by  two  hexagonal  pyra- 
mids, as  in  fig.  93,  but  the 
shape  commonly  found  is 
often  extremely  different. 
In  the  case  of  carbonate 
of  lime  again,  the  usual 
normal  form  is  the  rhom- 
bohedrons  (fig.  94),  the  angle  being  105°  6' ;  but  the  cleavage  being 
very  perfect  m  three  directions  parallel  to  the  faces  of  the  solid, 
a  great  variety  of  other  rhombohedrons  may  be  obtained,  more  or 
less  flattened. 

247.  In  their  primitive  forms  crystals  never  present  re-entering 
angles,  but  such  appearances  are  not  unfrequent  in  cases  where 
two  or  more  crystala  grow  as  it  were  out  of  one  base.  Sometimes 
there  is  a  certain  degree  of  symmetry  in  the  way  in  which  indivi- 

Pig.97. 
Fig.  96.  Fig,  95. 


duals  of  a  group  collect  themselves  together,  as  in  the  crystals  re- 
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presented  in  fig.  95  (the  form  usually  assumed  hj  the  mineral 
called  8t€mrotide)y  and  usually  ''twin  crystals/'  as  such  cases  are 
sometimes  called,  exhibit  distmct  marks  of  their  origin.  The  form 
represented  in  fig.  96  is  another  example  of  complicated  form,  often 
presented  by  gypsum.  It  may  be  easily  derived  firom  the  more 
simple  form  in  fig.  97,  already  described  (§  238),  by  cutting  this 
latter  into  two  psurts  by  the  plane  o  mnp  qr,  and  making  one 
half  perform  half  a  revolution  with  respect  to  the  other.  Such  an 
arrangement  is  sometimefl  caUed  hemitropy,  and  the  ciyatal,  as  in 
fig.  96,  is  called  a  hemitrope.    Twin  crystals  are  also  called '  macles.' 

248.  Crystals  are  occasionally  found  with  curved  faces.  This 
modification  is  more  common  in  some  minerals  than  others,  and 
is  not  imfrequent  in  the  Diamond.  Spathic  iron  and  Pearl  spar 
present  curved  rhombohedions ;  and  Alabaster  and  Carbonate  of 
lime  frequently  exhibit  other  curved  crystalline  forms.  Some  mine- 
rals run  into  greatly  elongated  and  needle-shaped  crystals,  and  are 
thence  called  aeieular.  Any  interruption  in  the  process  of  cry- 
stallization is  probably  always  marked  in  the  crystal  that  results, 
and  the  mode  of  growth  is  laid  bare  when  these  interruptions  have 
been  regular.  Crystals  of  quartz  often  show  a  gradual  accretion 
of  this  kind. 

249.  Crystalline  form  is  not  absolutely  to  be  depended  on  in  the 
determinaraon  of  minerals,  since  th^re  are  cases  in  which  the  same 
mineral  presents  itself  under  more  than  one  form,  the  forms  being 
incompatible  or  referable  to  difierent  crystalline  systems,  while, 
occasionally,  difierent  miaerals  ap]^ear  in  the  same  or  very  nearly 
the  same  form.  The  former  case  is  denominated  dimorphum,  or 
jpoUfmorphism,  according  as  the  number  of  different  forms  presented 
IS  two  or  more,  and  the  latter  is  isomorphism.  In  a  similar  way, 
when  minerals  crystallize  in  nearly  the  same  form,  they  are  said  to 
be  plesiomorphs.  False  or  imitative  forms  of  crvstafs  are  some- 
times met  with,  and  are  called  pseudomorphs,  while  even  the  true 
and  determinable  forms  are  rarely  complete,  and  exhibit  numerous 
complications  and  irregularities^  Of  these  conditions  and  the 
chemical  principles  involved,  isomorphism  is  the  most  interesting, 
and  will  demand  the  most  careful  attention.  Whatever  also  may 
be  the  true  form  of  a  mineral,  it  is,  as  we  have  seen,  generally 
complicated  by  position  and  drcumstances,  thus  adding  not  a  little 
to  the  other  dimculties  of  accurately  determining  mineral  species. 
Certain  substances  appear  es{)ecially  liable  to  anomalous  varieties 
of  form  connected  with  their  mode  of  accretion;  and  others, 
although  to  a  certain  extent  regular,  exhibit  a  singnlaT  want  of 
symmetry  in  some  particular  directions.  Hemihedral  forms, 
already  alluded  to,  b^ong  to  this  group,  and  certain  crystals  in 
which  a  very  large  quantity  of  some  foreign  substance  or  impurity 


ISOMOBFHISH.  143 

is  present,  are  also  of  the  same  kind.  The  crystals  of  Fontainbleau 
sandstone  are  examples  in  point.  They  consist  of  about  one- 
third  part  carbonate  of  lime,  and  the  rest  sand,  and  appear  in 
rhombohedrons. 

250.  The  following  are  examples  of  minerals  frequently  presented  in  an  un- 
symmetrical  form,  viz.  Iron  pyrites  (cube),  Orey  cobalt  ^be),  Orey  copper 
(tetrahedron),  Sulphwret  of  zinc  (tetrahedron),  Boracite  (cube),  Arseniate  of 
iron  (cube).  Copper  pyrites  (prism  with  square  base).  Quartz  (rhombohedron). 
Tourmaline  (rhombohedron).  Phosphate  of  Ume  (regular  prism  with  six  £ek»s;, 
8iUcate  of  zinc  (right  rhombic  prism).  We  have  named  m  each  case  the  pro* 
per  or  symmetrical  form,  from  which  the  imsymmetrical  crystals  are  deriyed. 

251.  Dimorphism  (from  dis  twice,  and  morphe  form)  was  first 
observed  in  the  case  of  Carbonate  of  lime,  which  in  addition  to  the 
usual  type  of  crystallization,  seen  in  Calc  spar,  is  presented  also  in 
Arragomte,  in  a  totally  distinct  and  incompatible  form ;  but  since 
this  &ct  was  determined  many  other  similar  examples  have  been 
found,  and  they  appear  to  have  reference  to  the  existence  of  pe- 
culiar conditions  of  solidification.  The  following  list  includes  all 
substances  at  present  recognized  as  dimorphous,  viz.  Sulphur, 
Carbon,  Oxide  of  titanium.  Specular  iron  ore.  Iron  pyrites.  Car- 
bonate of  lime.  Carbonate  of  iron,  Carbonate  of  lead,  Araenious  acid. 
Sulphate  of  magnesia,  Sulphate  of  zinc,  Seleniate  of  zinc,  Seleniate 
of  nickel,  and  Chromate  of  lead,  some  of  the  latter  salts  passing  from 
one  crystalline  system  to  another  by  the  application  of  heat.  Other 
substfuaces  have  been  described  as  presentiag  themselves  in  more 
than  one  system  of  crystallization,  but  there  is  some  doubt  concern- 
ing them.  Others  again  are  trimorphous,  or  polymorphous,  pre- 
senting themselves  in  more  than  two  forms,  and  of  these  Sulphate 
of  nickel  is  an  example.  The  fitct  of  the  same  body  existing  in 
more  than  one  usual  condition,  and  having  different  physical  cha- 
racteristics, has  been  called  by  BerzeHus  cHlotropy  (ailofropoSy  of 
a  different  nature),  and  includes  polymorphism,  which  relates 
only  to  crystalline  form.  Carbon  is  a  gooa  example  of  this  con- 
dition, as  it  crystallizes  perfectly  in  the  Diamond,  imperfectly  in 
Gf^raphite,  and  is  amorphous,  but  quite  distinct,  in  Anthracite  and 
Coal. 

252.  Isofnorphmn  (isos  the  same,  morphe  form), a  converse  pheno- 
menon to  that  of  aUotropv,  is  not  unfrequently  found  to  occur  in 
crystalline  minerals,  and  is  far  more  important  than  it,  as  indica- 
ting natural  relations  between  elements  not  otherwise  resembling 
each  other  in  their  properties.  By  it  is  meant  a  close  resemblance 
or  actual  identity  otcrystalline  form  in  minerab,  when  one  element, 
or  proximate  element,  is  replaced  by  some  other.  It  is  not  easy 
at  present  to  say  exactly  how  far  the  general  principle  of  isomor- 
phism is  accurately  true ;  but  as  an  example  oi  its  action  in  well- 
known  minerals  it  may  be  sufficient  to  give  the  following  mea- 
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surements  of  the  obtuse  angles  of  the  rhombohedron,  into  which 
the  following  minerals  (all  carbonates)  cirstallize : — 

Calc  spar  (carbonate  of  lime)  106   8'. 

DiaUogite  (carbonate  of  manganese)  106°  61' — 107°. 

Spathic  iron  (carbonate  of  iron)  107°. 

Dolomite  (carbonate  of  lime  and  magnesia)  107°  26'. 

Calamine  (carbonate  of  zinc),  107°  40', 
263.  Although,  according  to  the  most  general  view  of  the  nature 
of  isomorphism,  there  is  no  limit  to  the  r^lacement  that  can  take 

Slace  in  different  bodies,  still  there  are  in  ract  such  widely  different 
egrees  according  to  which  bodies  are  isomorphous,  that  tables  of 
these  degrees  afford  very  important  information ;  we  quote  there- 
fore from  Graham's  'Chemistry'  the  following  list  of  known  iso- 
morphous groups : 

1.  Sulphur,  Selenium,  TeUurium. 

2.  Magnesium,  Calcium,  Manganese,  Iron,  Cobalt,  Nickel,  Zinc,  Cadmium, 
Copper,  Chromium,  Aluminum,  Gludnum,  Yanadium,  Zirconium. 

3.  Barium,  Strontium,  Lead. 

4.  Tin,  Titanium. 

5.  Platinimi,  Iridium,  Osmium. 

6.  Tungsten,  Molybdenum,  Tantalum. 

{And  with  two  atoms  of  the  preeedinff  elements,) 

7.  Sodium,  Silver,  Gk)ld,  Potassium. 

8.  Chlorine,  Iodine,  Bromine,  Fluorine. 

9.  Phosphorus,  Arsenic,  Antimony,  Bismuth. 

In  addition  to  the  above  isomorphous  elements  it  may  be  well  to  append  here 
a  short  list  of  remarkable  isomorphous  compounds : — 

10.  AliiTTijTMfc^  Peroxide  of  iron.  Peroxide  of  manganese. 

11.  Lime,  Magnesia,  Protoxide  of  iron.  Protoxide  of  manganese,  Protoxide  of 
zinc. 

12.  Baryta,  Strontia,  Oxide  of  lead. 

13.  Phosphoric  add.  Arsenic  acid. 

254.  A  peculiar  kind  of  isomorphism  has  been  noticed,  which 
appears  not  unlikely  to  have  important  influence  in  the  mineral 
kmgdom,  and  which  consists  in  the  substitution  of  water  for  other 
substances,  without  change  of  form  being  induced.  By  the  analysis 
of  a  great  number  of  minerals  it  is  found  that  one  atom  of  magne- 
sia, protoxide  of  iron,  or  protoxide  of  manganese,  and  probably 
also  of  oxide  of  zinc,  protoxide  of  nickel,  and  protoxide  of  cobalt, 
may  be  replaced  by  three  atoms  of  water ;  and  one  atom  of  oxide 
of  copper  by  two  atoms  of  water,  without  change  of  crystalline 
form.  This  is  called  polymeric  isomorphism  *  (polys  many,  m^os 
a  part).     The  water  in  these  cases  is  a  proximate  element. 

255.  Pseiidomorphism  (pseudos  false,  morphe  form),  or  the 
occurrence  of  a  mineral  in  a  form  not  its  own,  and  not  obtained  by 
the  regular  process  of  crystallization,  occurs  in  various  minerals, 

*  First  discovered  by  Scheerer,  and  referred  to  in  Gmelin's  "Handbook  of  Chemistry.** 
English  translation  (published  by  the  Cavendish  Society),  vol.  i.  p.  93. 
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and  is  chiefly  owing  to  external  conditions  which  have  limited  the 
direction  and  extent  of  the  development  of  the  mineral.  Thus 
crystals  of  quartz  form  in,  and  adapt  themselves  to,  the  cavities  left 
by  crystals  of  fluor  spar  which  have  been  removed ;  and  other* 
similar  instances  have  been  from  time  to  time  observed,  some  well- 
known  and  striking  examples  of  which  are  subjoined. 

256.  Specular  iron,  properly  rhombohednd,  has  been  obeerved  in  octahedrons 
having  the  form  of  Magnetic  iron  orcy  from  which  it  has  been  no  doubt  derived. 
Crystals  of  Carbonate  4>f  lead  are  changed  into  Minvmny  or  oxide  of  lead ; 
Mmwwm  into  &alena\  Witherite,  or  carbonate  of  baryta  into  Sulphate  of 
S{Myta,  or  heavy  spar ;  Wolfram,  or  tungstate  of  iron,  into  Tungstate  of  lime, 
&c.     So,  also,  but  less  easily  explained,  we  find  Prehmie  imitative  of  Analcime 

■  and  Laumofdite ;  Steatite  of  QuaHz^  Calc'spa/r,  Spinelle  and  Hornblende ; 
Quartz  of  Calo-apar, 

257.  Pseudomorphous  crystals  are  generally  distinguished  by 
having  a  different  structure  and  cleavage  from  that  of  the  mineral 
imitated  in  form,  their  angles  are  generally  rounded,  their  surfaces 
duU,  their  texture  is  more  or  less  granular,  and  their  hardness  dif- 
ferent. This  phsBnomenon  may  be  due,  Jirsty  to  a  change  of  com- 
position by  aqueous  or  some  other  agency,  without  the  original 
crystal  losing  its  form ;  secondly,  by  the  actual,  but  gradual,  and 
atomic  removal  of  one  mineral  and  replacement  by  another ;  thirdh/, 
bysimple  infiltration  into  the  cavity  left  bya  decomposed  crystal;  and, 

fowrtMy,  by  the  incrustation  of  one  mineral  upon  another,  by  which 
process  we  first  have  the  form  of  the  original  crystal  repeated  in  that 
of  the  incrusting  one,  and  then  perhaps,  by  the  subsequent  removal 
of  the  first  hoUow,  as  well  as  pseudomorphous  crystals,  of  the  second. 

258.  The  process  of  fossiuzation  or  petri&ction,  by  which  organic 
bodies  become  changed  into  stone,  and  capable  of  indefinite  pre- 
servation in  the  earth,  is  of  this  kind.  It  appears  in  most  penect 
cases  to  be  a  substitution,  particle  by  particle,  of  some  permanent 
mineral  substance,  as  quartz,  carbonate  of  Hme,  sulphate  of  Hme, 
or  others,  for  each  particle  of  the  original  organic  compound.  In  the 
case  of  wood  and  the  soft  parts  of  animals  the  actual  cellular  tissue  is 
replaced,  and  though  in  other  examples  the  interstices  between 
adjacent  particles  may  only  be  filled  up  so  as  to  form  a  cast  of  the 
original,  yet  is  this  cast  so  true  a  representative  of  the  most  mi- 
nute organization  as  to  retain  every  point  of  structure,  and  endure 
the  most  careful  examination  under  the  best  microscopes,  without 
yielding  any  evidence  as  to  the  nature  of  the  change  or  substitution 
that  has  been  made. 

259.  Although  when  definite  form  and  structure  are  observable 
in  minerals,  there  can  be  no  question  as  to  the  advantage,  and  even 
necessity,  of  referring  to  them  as  a  means  of  determining  species,  still 
there  remains  a  vast  multitude  of  substances  which  have  definite 
and  most  important  properties,  but  no  distinct  crystalline  form  or 
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structure,  and  which  therefore,  in  technical  language,  are  called 
amorphous  (a  priyative,  and  morphe  form).  Some  bodies  assume 
the  crystallme  and  amorphous  &rm  almost  indifferently,  and  ac- 
cording to  the  circumstances  of  their  passage  into  the  solid  state ; 
some  are  more  inclined  to  assume  the  one  form,  and  some  the  other, 
while  others  again  are  rarely  or  never  found  in  the  crystalline 
state.  Thus  quartz  occurs  both  amorphous  and  cirstalline  in  great 
abundance  everywhere,  but  is  chiefly  ciystalline  in  mountain  dis- 
tricts. Carbon  occurs  amorphous  in  anthracite  and  coal,  and  ciy- 
stallized  in  the  diamond  and  graphite.  Carbonate  of  lime  is  amor- 
phous in  common  limestone,  semi-crystalline  in  marble,  crystal- 
une  in  calc-spar ;  and  so  also  with  a  vast  variety  of  other  substances. 
There  are  two  means  by  which  the  nature  of  amorphous  bodies 
may  be  determined,  one  mechanical,  and  involving  a  consideration 
of  the  physical  properties  of  the  substance ;  the  other  chemical, 
and  requiring  an  analysis  of  the  contents,  and  a  determination  of 
the  proportions  of  eacn.  We  proceed  in  the  next  chapter  to  consider 
these,  as  affording  the  best  methods  for  determining  mineral  species. 
260.  There  is  yet  another  condition  to  be  noticed  before  concluding  this  part 
of  the  subject — it  is  a  difference  in  the  properties  of  compound  bodies,  probably 
arising  from  the  different  grouping  of  the  simple  atoms  which  make  up  a  com- 
pound atom.  Thus,  when  two  or  more  compounds  exhibit  different  physical 
and  chemical  relations,  but  are  found  to  possess  the  same  composition,  they  are 
called  isomeric  {isos  equal,  meros  a  part).  Most  such  instances  occur  in 
oreanic  and  not  in  inorganic  chemistry,  and  therefore  it  is  not  necessary  here  to 
reror  to  them  more  in  £tail.  True  isomeric  conditions  are  however  recognized 
in  the  mineral  kingdom  with  regard  to  phosphoric  acid,  tellurous  and  telluric 
acids,  peroxide  of  tin,  and  tartaric  acid. 


CHAPTEE  Vni. 


PHYSICAL  AKD  CHEMICAL  CHAEACTERISTICS  OF  SIMPLE 

MINEKALS. 

261.  The  characteristics  of  simple  minerals,  including  those  that 
are  amorphous,  are, — 1st.  Conditions  of  structure  or  texture ;  2nd. 
Optical  peculiarities ;  3rd.  Phosphorescence ;  4th.  Electrici^  and 
Magnetism ;  5th.  Odour ;  6th.  Taste ;  7th.  Hardness ;  8th.  Specific 
G-ravity ;  and  9th.  Chemical  Composition.  Of  these  the  first  eight 
are  generally  described  as  physical,  and  are  determined  at  once  by 
the  senses  or  by  mechanical  agency.  The  last,  or  chemical  struc- 
ture, requires  the  assistance  of  chemical  action,  and  involves  a  cer- 
tain extent  of  decomposition  to  determine  it. 

262.  The  conditions  of  stbuctuee  of  minerals  are  seen  in  their 
texture,  state  of  aggrega;tion,  and  fractwre.     The  former  is  either 
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columnar,  lamellar,  or  granular,  and  the  different  kinds  of  each 
are  thus  distinguished : — 

1.  Colunmar  texture  is  that  which  is  made  up  of  minute  fihres 
or  prisms,  closely  compacted  together.  It  is  common  in  the  seams 
of  rocks,  and  sometimes  in  incrustations.  It  may  he  of  the  fol- 
lowing kinds  :^ 

1.  Fibrous^  or  mth  delicate  parallel  fibres.  Ex,^  Gypsum  and  Asbestos. 
2.  Beticulatedy  the  fibres  crossing  and  resembling  a  net.  8.  Stellated,  fibres 
radiating  from  a  centre  and  producing  a  star-like  appearance.  JEx,,  Stilbite, 
Wayellite.  4.  Sadiated  and  dimergeiUy  fibres  radiatmg  but  not  stellar.  Ex.y 
Quartz,  Grey  antimony. 

2.  Laminated  texture  exhihits  lamiuffi  or  leaves  (parallel  plates), 
either  thick  or  thin,  separating  easily  or  with  difficulty. 

1.  IbliaceouSy  leaves  thm  and  separating  easily.  JSx.j  Mica,  whence  this 
variety  is  sometimes  called  micaceous.  2.  T^mlar,  lamina  thick.  JSx.,  Quartz, 
Heavy  spar. 

The  laminse  may  be  eUutiCf  as  in  Mica ;  flexible,  as  in  Talc  or  Gbaphite ;  or 
brittle,  as  in  Diallage.  They  are  also  sometimes  arranged  in  stellar  shapes,  as 
in  Mica. 

3.  Oremular  texture.    This  term  explains  itself,  and  admits  of 

the  following  yarieties : — 

1.  Coarse  Chramilar,  as  Ghnnular  marble.  2.  Fine  Granular,  as  Ghranular 
quartz,  Specular  iron.  8.  Impalpable,  as  Chalcedony,  OpaL  4.  Friahle,  or 
easily  crumbled  by  the  fingers. 

263.  Massive  minerals  also  take  certain  imitative  shades,  not 
peculiar  to  either  of  these  varieties.  The  following  terms  are  used 
in  describing  them : — 

Globular,  when  the  shape  is  spherical,  and  the  structure  either  radiating  or 
concentric.  When  they  are  attached  in  groups  they  are  said  to  be  implai^d. 
Iron  pyrites  is  often  presented  in  this  form.  Mewiform,  or  kidney-shaped.  Bo- 
tryoidal,  when  a  mass  consists  of  a  number  of  rounded  prominences  like  a  bunch 
of  grapes.  MammUlary,  resembling  the  former,  but  consisting  of  larger  pro- 
minences. JFVZ^orm,  like  a  thread,  ^cicu^or,  slender  like  a  needle.  StaZacUtic, 
cylindrical  or  conical,  hanging  from  the  roof  of  a  cavern  or  cavity.  Carbonate 
of  lime.  Brown  iron  ore.  Malachite  and  Chalcedony,  are  the  chief  minerals  found 
in  a  stalactitic  form.  Drusy — ^a  cavity  is  said  to  be  drusy  when  it  is  lined  with 
distinct  crystals.  A  mineral  having  a  drusy  cavity  is  sometimes  called  a  geode. 

264.  The  state  of  aggregation  of  minerals  exhibits  another  pecu- 
liarity of  structure ;  and  in  this  sense  solid  minerals  may  be  brittle, 
sectile,  malleable,  flexible,  or  elastic — ^terms  which  are  used  in  the 
foUowing  senses  :— 

A  mineral  is  called  brittle  if  the  particles  lose  their  coherence  and  separate 
with  a  grating  noise  into  powder,  when  we  attempt  to  alter  their  respective 
situations  in  the  substance.  Of  this  kind  are  the  gems,  spars,  pyrites,  and 
many  other  minerals.  If  a  mineral  is  malleable,  the  particles,  when  detached  by 
a  knife,  do  not  lose  their  connexion;  so  that  from  such  a  mineral  we  may  detach 
slices,  as  frx)m  metallic  lead.  Many  minerals,  such  as  Mica,  cannot  be  sliced, 
and  when  cut,  lose  their  mutual  connexion ;  but,  instead  of  flying  about,  remain 
quietly  upon  the  cutting  instrument.  These  are  called  sectile,  and  are  inter- 
mediate between  brittle  and  malleahle.    Minerals  are  flexible  if  the  particles 

h2 
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admit  of  their  relative  situations  being  changed,  without  a  tendency  to  resume 
their  former  position ;  and,  lastly,  they  are  said  to  be  elcuUc,  if,  havine  been  so 
changed,  they  resume  their  former  situation  when  the  force  is  remored. 

265.  Theiractwre  of  a  mineral  is  a  character  that  has  sometimes 
been  noticed,  and^  so  far  as  it  is  distinguished  from  cleayage,  is  the 
irregular  structure  observable  in  breaking  a  mineral  by  violence  in 
any  direction.  Sometimes  the  face  presented  by  tbe  broken  mi- 
neral is  round  and  smooth,  resembling  the  inside  of  a  shell,  in 
whicb  case  it  is  called  conchoidal.  Other  kinds  of  fracture  are 
distinguished  as  tmeven,  even,  JlbrotM,  or  splintery — terms  which 
explain  themselves, — and  hacJchf,  by  which  is  meant  the  appearance 
presented  when  a  metal  such  as  gold  is  torn  asunder.  All  regular 
fracture  must  be  considered  as  cleavage. 

266.  The  optical  peopeeties  op  muteeals  are  such  as  depend 
on  Hght,  and  are  only  observable  in  its  presence.  They  indude 
colour  and  streak,  lustre,  trcmsparency,  iridescence,  refraction,  and 
polarization,  and  may  unquestionably  be  of  great  importance  in 
some  cases. 

267.  By  COLOUE  is  meant  the  colour  of  the  entire  mineral ;  and 

this  may  be  either  metallic  or  non-metallic.     The  following  list  of 

the  former  may  be  useful  to  the  student,  but  the  non-metaUic  are 

too  numerous  and  varied  to  serve  as  a  very  useful  guide,  except  iq 

special  cases. 

1.  Copper-red;  the  colour  of  Native  copper,  and,  less  distinct.  Copper-nickel. 
2.  Bronze-yellow  i  Iron  pyrites.  8.  Brass-yellow,  Copper  pyrites.  4.  Chld- 
yeUow\  Gold.  5.  Silver-white',  Native  silver,  Arsenical  pyrites  (mispickel), 
Cobaltine.  6.  Tin-white  \  Mercury,  Native  antimony,  Native  arsenic.  7.  Lead' 
'9^^ ;  Galena,  Sulphuret  of  molybdenum.  Vitreous  silver.  8.  Steel-grey  i 
Native  platina,  Graphic  tellurium.  9.  IronrhlacJc,  Magnetic  iron  ore,  Specular 
iron  ore,  Grey  copper. 

Besides  the  decided  colours,  there  exist  a  great  number  of  shades 
or  varieties,  which  may  be  expressed  by  the  iadications  of  those 
two  which  they  most  nearly  represent.  Colours  may  also  differ 
in  intensity,  and  may  be  spoken  of  as  pale,  light,  deep,  or  da/rk, 
according  to  their  quality. 

The  streak  is  the  appearance  presented  when  a  mineral  is 
scratched  with  a  sharp  instrument,  in  which  case  either  a  powder 
is  produced,  or  the  scratched  place  assumes  a  higher  lustre  than 
before.  The  best  method  of  observing  the  colour  of  the  powder 
is  to  rub  the  mineral  on  a  piece  of  porcelaiQ  biscuit  or  a  file  till 
the  powder  appears.  Some  imnerals  retain  their  colour  in  the 
streak,  as  spars,  and  white  varieties  generally;  others  change 
colour,  as  many  oxides  and  sulphurets  of  metals ;  while  others, 
again,  are  too  hard  to  exhibit  any  change.  A  heap  of  very  fine 
powder,  however,  is  in  many  cases  white,  whatever  the  substance 
from  which  it  is  obtained. 


OPTICAL  PBOPEBTIES  OF  MINEEALS.  149 

268.  Lttsteb  depends  on  tlie  nature  of  the  surface  of  a  mineral^ 
whieli  causes  light  to  be  reflected  in  different  ways  and  to  a  dif- 
ferent extent.  There  are  thus  various  kinds  of  lustre  and  many 
decrees. 

There  are  six  kinds  of  lustre,  as  follows : — 

1.  MetaUiCy  the  usual  lustre  of  metals ;  imperfect  metallic  lustre  is  expressed 
by  the  term,  suh-metaZUc.  2.  VUreous,  the  lustre  of  broken  glass.  An  imper- 
fect yitreous  lustre  is  termed  9ub-vitreous,  Both  the  vitreous  and  sub-Titreous 
lustres  are  common.  Quartz  possesses  the  former  in  an  eminent  degree ;  Cal- 
careous spar  often  shows  the  latter.  This  lustre  may  be  exhibited  by  minerals 
of  any  colour.  3.  IteainouSy  lustre  of  the  yellow  resins.  JEa?.,  Opal,  Zinc-blende. 
4.  PearUfy  like  pearL  JEx.,  Talc,  Native  magnesia,  Stilbite,  &c.  When  united 
with  sub-metallic  lustre,  the  term  metallic-pear^  is  applied.  5.  SUky,  like 
silk ;  it  is  the  result  of  a  fibrous  structure.  Sx.^  Fibrous  carbonate  of  lime, 
Fibrous  gypsum,  and  many  other  fibrous  minerals,  more  especially  those  which 
in  other  forms  have  a  pearly  lustre.  6.  Adamantine^  the  lustre  of  the  diamond. 
When  sub-metallic,  it  is  termed  metaUic'adamawtine,  JSx.,  some  varieties  of 
White  lead  ore. 

The  degrees  of  iatensity  are  denominated  as  follows : — 
1.  Splendenty  when  the  surmce  reflects  light  with  great  brilliancy,  and  gives 
well-defined  images.  JEx.y  Elba  iron  ore,  Tin  ore,  some  specimens  of  Quartz 
and  F^tes  2.  Shining^  when  the  unage  produced  is  not  well  defined.  JEx., 
Calc  spar,  Cdestine.  3.  Glistenififfj  when  there  is  a  general  reflexion  from  the 
surface,  but  no  image.  JSx,^  Talc,  Copper  pyrites.  4.  Glimmerinff,  when  the 
reflexion  is  very  imperfect,  and  apparently  from  points  scattered  over  the  sur- 
£a.ce.  Sx.,  Elmt,  Chalcedony.  5.  Dull,  when  there  is  a  total  absence  of  lustre. 
JSx.,  Chalk. 

269.  Teanspaeeitct  is  the  property  which  many  substances 
possess  of  transmitting  light,  and  we  have  chiefly  to  observe  with 
reference  to  it  the  relative  quantity  of  light  transmitted.  These 
degrees  are, — 

1.  Trangparewty  allowing  small  objects  to  be  distinctly  seen.  2.  Semi-trans- 
parent,  allowing  objects  to  be  obscurely  seen.  3.  IVanslucewt,  allowing  light 
to  pass,  but  no  object  to  be  seen.  4.  Sub-translucent,  when  the  acute  edges  of 
a  mineral  allow  some  light  to  pass.     5.  OpaJce,  not  transmitting  any  light. 

Few  species  of  a  non-metallic  appearance  are  perfectly  opake, 
and  some,  though  opake  in  one  direction,  allow  light  to  pass 
through  them  id  another.  Many  minerals  vary  exceedingly  id  the 
degree  of  transparency  they  present. 

270.  Under  the  term  iBiDESCEii^CE  may  be  included  a  play,  or 

change  of  colours,  opalescence,  tarnish,  and  other  peculiarities, 

often  very  remarkable,  and  well  distinguishing  certain  minerals. 

It  is  necessary  to  define  these  briefly. 

Play  of  Colours,  describes  the  condition  when  several  prismatic  colours  ap- 
pear in  rapid  succession  on  turning  the  mineraL  They  are  well  seen  in  the 
Diamond  and  in  precious  OpaL  Change  of  Colour  is  seen  as  in  Labradorite, 
when  the  colours  alter  slowly  on  turning  in  different  positions.  Opalescence  is 
seen  when  there  is  a  milky  or  pearly  r^exion  from  the  interior  of  a  specimen, 
as  in  some  Opals  and  in  Cat's-eye.    Iridescence  occurs  when  prismatic  colours 
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are  seen  within  a  cryBtaL  It  is  hbqiiIIj  an  eSket  of  fracture,  and  is  common  in 
Quartz,  Selenite,  and  sometimes  in  Gale-spar.  Tartdsh  is  when  the  surfiioe- 
colours  of  a  mineral  difPer  from  the  true  and  internal  colour.  It  is  the  result  of 
exposure,  and  sometimes  presents  the  hues  of  the  rainbow.  Peaoock>ore  (Copper 
pyrites)  is  an  example. 

271.  PoLTOHEOiSM  is  a  property  belonging  to  some  prismatic 
crystals,  presenting  a  different  colour  in  different  directions.  The 
term  dichroism  is  sometimes  used,  the  colours  occiuring  only  in 
two  directions,  as  in  lolite,  hence  called  Dichroite.  Mica  is  an- 
other example.  The  different  colours  are  observed  only  in  crystals 
with  unequal  axes.  The  colours  are  the  same  in  the  direction  of 
equal  axes,  and  otlen  unlike  in  the  direction  of  the  unequal  axes — 
a  principle  at  the  base  of  polychroism*. 

272.  Eefeaction  and  polaeization  of  light. — ^A  ray  of  light 
proceeding  from  any  object,  and  passing  from  any  one  medium  or 
transparent  substance  to  another,  is  more  or  less  bent  out  of  its 
original  direction,  and  this  bending  is  called  refraction.  Thus, 
when  a  straight  stick  is  held  aslant  in  water  it  appears  bent  at  the 
contact  of  air  and  water ;  and  all  transparent  minerals  bend  aside 
rays  of  light  to  a  certain  extent,  dependent  on  their  structure. 
The  index  of  refraction,  therefore,  or  the  measure  of  the  extent  to 
which  light  is  bent  aside  on  passing  into  a  mineral,  is  one  means 
of  identifying  it.  The  accidental  colours  presented  by  certain 
substances  modify  this  measure,  and  in  the  cases  of  dimorphism 
referred  to  in  the  last  chapter  the  refraction  is  different  in  the  two 
forms  assumed  by  the  same  mineral.  Sir  Isaac  Newton  suspected 
the  true  chemieaL  composition  of  the  diamond  from  observing  its 
high  refractive  power. 

273.  When  a  ray  of  light  is  passed  through  certain  minerals, 
instead  of  continuing  its  course  as  usual,  after  being  bent  aside  on 
entering  the  new  surface,  it  is  separated  into  two  parts,  each  part 
undergoing  a  different  refraction  and  ultimately  emerging  by  itself. 
An  object  seen  through  such  a  mineral  appears  double,  and  the 
phsBnomenon  is  c&ilea  dimble  refraction.  It  occurs  very  distinctly 
m  Iceland  spar,  but  extends  to  all  crystalliae  minerals  belonging 
to  such  of  the  fundamental  forms  as  have  unequal  axes.  "VHien 
the  object  in  these  cases  is  seen  through  the  vertical  axis,  it 
appears  single,  but  in  aU  other  directions  double.  Double  re- 
fraction affords  a  most  important  means  of  determining  minerals, 
since  it  is  derived  from  the  intimate  structure  of  the  substance, 
and  is  not  affected  by  the  admixture  of  slight  impurities.  It  is 
usual  to  consider  one  of  the  two  rays  transmitted  after  double 
refraction  as  the  regular,  and  the  other  as  the  extraordinary  ray. 
Generally,  the  extraordinary  ray  is  further  removed  from  the 

*  Dana's  "  Maoual  of  Minenlogy,"  p.  75. 
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axis  of  the  crystal  than  the  other,  but  this  is  not  always  the 
case. 

274.  When  light  is  thus  refracted  doubly  the  extraordinary  ray 
exhibits  a  peculiar  property,  called  polarization,  and  if  afterwards 
viewed  through  a  thin  plate  or  slice  of  another  doubly-refracting 
crystal,  it  becomes  alternately  visible  and  invisible  as  the  latter 
plate  is  revolved,  and  it  also  presents  a  curious  display  of  prismatic 
colours.  Light  may  undergo  this  change  of  conmtion,  or  become 
polarized,  by  reflexion  at  a  certain  angle  from  most  substances,  or 
by  passing  through  thick  transparent  plates. 

275.  Phosphoeesobkoe. — Tne  property  of  emitting  light  either 
by  friction  or  when  gently  heated,  is  eaXLedi  phosphorescence,  and  is 
possessed  by  several  minerals.  It  is  exhibited  in  quartz  by  friction, 
light  being  readily  evolved  with  a  peculiar  smeU  when  one  piece  is 
rubbed  against  another,  and  the  mere  rapid  motion  of  a  feathel* 
across  some  specimens  of  Blende  (sulphuret  of  zinc)  will  often 
produce  light  of  more  or  less  intensity.  Although  comparatively 
few  minerals  are  phosphorescent  by  friction,  many  exhibit  Hght  of 
this  kind  when  exposed  to  a  certain  temperature,  and  the  light  is 
often  of  different  colours.  Exposure  to  heat,  however,  destroys  the 
phosphorescent  power,  although  it  may  often  be  renewed  by  pass- 
ing electric  shocks  through  the  calcined  mineral,  the  light  that 
then  appears  not  being  always  of  the  same  colour  as  before.  Elec- 
tricity has  a  very  manifest  power  of  increasing  the  intensity  of 
natural  phosphorescent  light,  and  repeated  electrical  discharges 
have  been  known  to  communicate  distinct  shades  of  colour,  per- 
manent, at  least  for  a  time,  to  calcined  minerals. 

The  diamond  is  remarkable  for  exhibiting  distinct  phospho- 
rescence after  being  exposed  for  some  time  to  the  light  of  the 
Sim. 

276.  Eleoteicitt,  including  also  under  this  head  Magitetism:, 
in  its  reference  to  mineralogy,  involves  considerations  concerning 
the  capacity  of  different  minerals  for  the  development  in  them,  and 
the  transmission  through  them,  of  electric  currents.  It  also  has 
reference  to  those  instances  in  which  electric  force  is  exerted  by  a 
mineral  in  its  natural  condition,  as  in  the  case  of  the  magnet. 

A  great  many  minerals  are  capable  of  having  electricity  deve- 
loped in  them  by  means  of  friction,  but  it  appears  that  the  kind  of 
electricity  thus  induced  has  no  reference  to  the  characteristics  of 
the  minerals.  Pressure  even  betwixt  the  fingers  will  excite  distinct 
positive  electricity  in  pieces  of  doubly  refracting  Calc-spar.  Topaz, 
Arragonite,  Pluor-spar,  Carbonate  of  lead.  Quartz,  and  other  mine- 
rals, show  the  same  property,  but  in  a  much  smaller  degree.  Heat, 
or  change  of  temperature,  excites  electricity  in  the  following  mine- 
rals,— Axinite,  rrehnite,  Boracite,  Tourmaline,  Calamine,  Topaz, 
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Spheiie,  Calc-spar,  Beryl,  Heavy-spar,  Fluor-spar,  Diamond,  Gar- 
net, and  others*. 

Witli  regard  to  the  power  of  minerals  to  conduct  electricity 
many  experiments  have  been  made,  and  many  results  recorded, 
but  no  important  ^neral  law  seems  to  have  been  obtained  bearing 
on  the  classification  of  minerals.  It  would  seem  that  generally 
native  metals  are  the  best  conductors,  next  the  sulphurets,  and  then 
the  oxides.  Lustrous  metaUic  crystals  are  said  to  be  generally 
good  conductors,  and  unmetallic  crystals  generally  bad.  Crystals 
often  conduct  differently  in  opposite  directions,  but  some  individual 
crystals  would  seem  to  be  almost  perfect  non-conductors. 

Many  minerals  exhibit  electric  polarity  by  the  simple  applica- 
tion of  heat.     This  is  the  case  most  strikingly  with  tourmaline. 

The  following  remarks,  by  M.  Beoquerel,  oonoermng  the  development  of  eleC' 
tridty  in  the  Tourmaline,  are  of  some  interest : — 

^*  At  80°  Cent.,  electric  polarity  was  sensible ;  it  continued  unchanged  to  150^ 
Cent.,  as  long  as  the  temperature  continued  to  rise,  but  if  stationary  for  an  in- 
stant the  polarity  disappeared,  and  shortly  manifested  itself  reversed,  when  the 
temperature  began  to  decline.  If  only  one  end  was  heated  the  crystal  was  un- 
polarized,  and  when  two  sides  were  imequaUy  heated  each  acquired  an  electrical 
state  independently  of  the  other.*' 

277.  Iron,  Cobalt,  Nickel,  Iridium,  and  some  other  metals,  are 
all  attractable  by  the  magnet  in  certain  mineralogical  states ;  and 
some  other  minerals  are  so  after  exposure  to  great  heat.  Tba 
ordinary  and  manifest  phsBnomena  of  polarity  and  attraction  are 
confined,  however,  to  a  few  ores,  chiefly  of  iron.   (See  note,  p.  18.) 

278.  OnouB  is  not  possessed  by  any  minerals  in  a  dry  un- 
changed state ;  but  it  may  be  obtained  from  several  by  moistening 
with  the  breath,  by  friction,  by  heat,  or  by  the  application  of  acid. 
Amongst  the  most  remarkable  varieties  are  the  following : — 

ArffUlaceouSy  the  odour  of  moistened  clay,  obtained  from  Serpentine,  Chlorite 
and  some  allied  minerals,  by  breathing  upon  them.  Fetid,  the  odour  of  sul- 
phuretted hydrogen,  obtained  from  some  varieties  of  Quartz  and  Limestone,  by 
mction  or  a  blow  with  the  hammer.  Sulphwrous,  odour  obtained  by  friction 
from  Pyrites,  and  by  heat,  from  most  of  the  sulphurets.  Horse-radish  odour, 
perceived  when  the  ores  of  Selenium  are  heated.  Garlic  odour,  obtained  by 
friction  from  some,  and  by  heat  from  most,  of  the  arsenical  salts  and  ores. 

279.  The  taste  is  a  means  of  distinguishing  many  of  the  solu- 
ble minerals — ^the  tastes  of  the  salts  of  soda,  of  alum,  of  vitriol, 
&c.,  being  well  known  and  easily  recognized.  Many  decomposed 
minerals,  although  they  have  no  sensible  taste,  adhere  more  or  less 
strongly  to  the  tongue,  and  thus  affect  that  organ. 

The  tastes  of  minerals  are  thus  described : — 

1.  Astringent,  having  the  taste  of  ritriol.  2.  Stoeetish-etstringent,  taste  of 
alum.  3. 'S'aZine,  taste  of  common  salt.  4.  ^2^a2in«,  taste  of  soda.  ^.Cooling, 
taste  of  saltpetre.  6.  Bitter,  taste  of  epsom  salts.  7.  8owr,  taste  of  sulphuric 
add. 

•  NicoPs  '*  Mineralogy/'  p.  72. 
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280.  Habdiosbs  is  a  very  important  and  distinctive  character  of 
mineralB ;  but  as  it  is  of  necessity  a  purely  relative  distinction,  an 
acknowledged  scale  must  be  obtained,  composed  of  well-known 
minerals,  of  which  each  preceding  one  is  scratched  by  that  which 
follows  it,  while  the  latter  does  not  scratch  the  former ;  and  care 
must  be  taken  that  the  intervals  are  as  equal  as  possible,  and  not 
so  small  as  to  render  the  employment  difficult  and  uncertain,  or  so 
considerable  as  to  give  no  definite  conclusion. 

The  following  is  the  soale  that  has  been  selected  as  poesessing  these  proper- 
ties:— 

1.  Talc.  2.  Gypsum — Sock-scdt.  3.  Calc-spar  (any  cleayable  variety). 
4.  Fluor-spcxr  (any  deavable  variety).  5.  AspcMragus-stone  (from  Salzburg, 
possessing  a  oonchoidaL  fracture)  or  Apatite  (transparent  crystals).  6.  Felspar 
(deayable  variety).  7.  (Quartz  (limpid  and  transparent).  8.  Topaz  (any 
transparent  crystal).  9.  Corundum  or  Sappkire  (the  deavable  variety  caUed 
Corundum  stone),     10.  Diamond, 

Specimens  of  all  these  can  be  readily  obtained  with  the  exception  of  No.  6 ; 
but  it  has  been  found  impossible  to  discover  a  substitute,  and  there  is,  also, 
too  much  difference  between  this  and  felspar  (6).  Foliated  mica  has  been  added 
between  2  and  8,  and  numbered  2*5,  and  a  crystalline  variety  of  ScapoUte  be- 
tween 5  and  6  as  5*5. 

281.  The  best  use  of  the  scale  may  be  thus  illustrated.  The 
minerals  of  the  scale  having  been  selected  pure,  with  natural 
cleavage  faces,  and  having  soHd  angles  of  the  same  form  and  edges 
in  good  condition,  and  the  student,  being  provided  with  a  fijae, 
very  hard,  and  well-tempered  file,  should  try  with  a  comer  of  the 
given  mineral  to  scratch  the  members  of  the  scale,  beginning  with 
the  hardest.  Having  reached  the  first  that  is  distinctly  scratched, 
he  must  have  recourse  to  the  file,  and  compare  upon  it  with  a  very 
light  touch  the  hardness  of  this  degree,  of  the  next  higher  degree, 
and  of  the  given  mineral.  Care  must  be  taken  to  employ  speci- 
mens of  each  nearly  agreeing  in  form  and  size,  and  also  as  much 
as  possible  in  the  quality  of  the  angles.  Prom  the  resistance 
opposed  to  the  file,  and  the  noise  occasioned  by  their  passing  over 
it,  we  argue  with  perfect  security  upon  their  mutual  relations  in 
respect  of  hardness.  The  experiment  is  repeated  with  any  altera- 
tions thought  necessary  till  we  consider  ourselves  arrived  at  a  fair 
estimate,  which  is  at  list  expressed  by  the  number  of  that  degree 
with  which  it  has  been  found  to  agree  most  nearly,  decimals  being 
likewise  added  if  required. 

It  must  be  mentioned,  that  those  minerals  which  cleave  readily 
in  only  one  direction,  ofben  show  a  less  degree  of  hardness  on  the 
perfect  face  of  cleavage  than  in  other  directions.  Such  minerals 
can  be  only  properly  determined,  in  respect  of  hardness,  by  at- 
tending to  this  peculiarity. 

282.  Spbcepic  Q-bavttt. — The  relative  weight  of  bodies  is  ex- 
pressed in  common  language  by  saying  that  one  is  heavier  than 
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another,  meaning  that  if  the  two  substances  have  the  same  form 
and  dimensions,  there  is  a  greater  pressure  downwards  in  the  one 
case  than  the  other.  Thus  a  cubic  mch  of  lead  weighs  much  more 
than  a  cubic  inch  of  wood ;  but  as  both  would  displace  the  same 
quantity  (one  cubic  inch)  of  water,  if  placed  in  a  vessel  full  of  that 
fluid,  both  may  be  measured  against  and  compared  with  water  as  a 
standard*.  The  relative  weights  thus  obtained  are  called  specific 
gravities)  and  the  specific  gravity  of  a  mineral  is  often  of  very  great 
miportance  in  determiniag  its  nature  and  place  in  the  series. 

283.  The  following  methodB  of  finding  the  specific  gravity  of  solids  will  be 
found  convenient : — 

If  the  specimen  is  large  enough  to  be  suspended  conyeniently  by  a  thread, 
weigh  it  first  in  air  by  a  &ie  balance,  expressing  the  result  in  grains,  and  taking 
care  previously  to  remove  dust  or  loosely  adhering  particles.  Then  suspend  it 
by  a  horsehair  from  the  scale-pan  (it  is  convenient  to  have  a  hook  attached  to 
it  for  this  purpose),  and  thus  suspended,  immerse  it  and  re- weigh  it  in  water, 
taking  care  that  it  is  covered  on  all  sides  by  at  least  half  an  inch  of  water,  and 
carefiuLy  brushing  off  with  a  feather  any  bubbles  of  air  that  adhere  to  the  sur- 
face.   The  results  may  then  be  noted  as  follows : — 

Weight  of  substance  in  the  air  in  grains  

Deduct  weight  of  ditto  in  water 

Difference 

This  result  gives  the  weight  of  a  bulk  of  water  equal  to  that  of  the  specimen, 
and  by  dividing  the  weight  of  the  specimen  in  air  by  this  number,  the  specific 
gravity  is  obtained. 

Specific  gravity  ^ weight  of  substance  in  air 

weight  of  equal  bulk  of  water 
If^  however,  the  substance  is  in  the  form  of  fine  sand  or  very  small  lumps,  it 
is  better,  after  weighing  it  carefully,  to  take  a  small  dry  phial  furnished  with  a 
stopper,  counterpoise  this  phial  accurately  in  the  weight-scale  by  shot  or  strips 
of  lead,  then  fill  it  completely  with  pure  water,  taking  care  that  no  bubbles  of 
air  are  left  in,  and  weigh  the  quantity  of  water  it  contains :  afterwards  empty 
the  bottle  and  dry  it  inside. 

Next  fin  the  bottle  about  two-thirds  full  of  the  powder  to  be  examined,  weigh 
this  and  record  the  weight.    Then  fill  the  bottle  once  more  with  water,  taking 
care,  as  before,  that  all  bubbles  are  expelled  and  none  of  the  powder  washed  out. 
Once  more  weigh  it. 
We  have  then  to  make  the  following  calculation : — 

Weight  of  powder  and  water  in  grams = 

Deduct  weight  of  powder  alone — 

Difference  (weight  of  water  left  in  bottle) » 

Weight  of  bottle  full  of  water  in  grains = 

Weight  of  water  left  in  bottle = 

Difference  (weight  of  water  displaced  "I  ^ 

by,  and  equal  in  bulk  to,  powder)     j    ^ 

The  specific  gravity «  ^^^^*  ^^  P^^^^^*  ^,  "^  . 

weight  of  water  displaced 

284.  The  minerals  of  which  we  intend  to  find  the  specific  gravity,  must  be 
*  DistiUed  water  at  a  temperature  of  60°  Fahr.  is  the  itandard  usually  employed. 
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perfectly  pure,  and  the  greatest  care  should  be  taken  to  remove,  as  much  as 
possibl^  whateyer  heterogeneous  substances  may  adhere  to  them,  or,  at  least, 
we  shoidd  consider  and  mention  the  probable  influence  of  such  adnuxture  on  the 
correctness  of  the  results.  All  the  yacuities,  also,  or  empty  spaces  mthin  the 
specimens,  should  be  carefully  op^ied ;  and  in  order  to  get  rid  of  these  it  will 
be  necessary,  in  some  cases,  to  have  the  minerab  broken  down  till  we  can  no 
longer  detect  a  want  of  continuity  in  the  fragments*. 

285.  The  Chemical  composition  of  minerals  must  be  deter- 
mined by  a  process  of  chemical  anaJTsis,  which  it  is  not  the  object 
of  the  present  work  to  describe.  We  shall  here  merely  allude  to 
the  simplest  and  most  usual  means  of  detecting  some  characters 
which  may  lead  at  once  to  a  knowledge  of  the  mineral  without 
complete  analysis.  These  means  involve  the  use  of  acids  and 
alkalies,  and  also  the  appearance  of  minerals  when  exposed  to  heat 
under  a  blowpipe,  either  alone  or  with  certain  salts  called  fluxes. 
Many  minerals  which  exhibit  no  distinct  crystalline  form,  and  no 
sufficient  external  physical  characters,  may  still  be  readily  distin- 
guished by  very  simple  operations  of  this  kind. 

286.  Water  alone  is  sometimes  employed  in  the  determination  of 
minerals,  but  its  use  is  limited  to  a  few  soluble  salts ;  for  although 
some  stony  minerals,  as  sulphate  and  carbonate  of  lime,  and  even 
silex,  are  no  doubt  soluble  to  some  extent  in  water,  the  proportion 
is  too  small  to  afford  any  practical  indication. 

-  287.  Adda  offer  a  far  more  valuable  and  important  test,  and  in 
many  minerals  produce  immediate  decomposition.  The  acids  em- 
ployed are  either  sulphuric,  muriatic  (hydrochloric),  or  nitric, 
generally  mixed  with  more  or  less  water,  and  applied  either  at  the 
ordinary  temperature  or  with  heat.  The  points  to  be  determined 
and  observed  when  the  acid  is  applied,  are — 

1.  Whether  the  mineral  is  acted  on  and  dissolved  by  the  acid. 

2.  Whether,  if  so,  it  is  dissolved  with  effervescence. 

3.  Whether  the  whole  mineral  is  at  length  dissolved,  or  an  earthy 
or  gelatinous  residue  obtained. 

In  the  first  case  the  action  may  be  either  rapid  or  slow,  and  the 
resulting  solution  either  coloured  or  colourless — a  result  of  con- 
siderable importance,  since  a  green  solution  almost  always  arises 
from  the  presence  of  copper ;  a  pink,  or  rose-coloured  solution, 
from  cobalt,  &c. 

288.  With  regard  to  substances  that  dissolve  with  effervescence, 
both  the  kind  and  intensity  of  effervescence  should  be  noticed. 
Native  copper.  Copper  pyrites,  and  other  native  metals,  metallife- 
rous ores  not  oxides,  ana  some  in  which  the  proportion  of  oxygen  is 
small  {protoxides),  give  off  nitrous  acid  vapours  when  dissolved  in 
nitric  acid,  and  may  be  at  once  distinguished — ^thus,  Pitchblende 
is  immediately  distinguished  from  Wolfram  by  this  experiment. 

*  Bowman's  "  Practical  Chemistry/'  p.  41  • 
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It  is  important  to  notice  whether  the  efiervescence  is  accompanied 
by  any  odour,  and  if  the  gas  evolved  is  coloured. 

In  many  cases  the  effervescence  takes  place  without  colour  or 
odour,  as  happens  with  the  carbonates,  which  are  entirely  dissolved^ 
their  carbonic  acid  being  liberated  in  the  form  of  gas.  In  Carbonate 
of  lime  the  action  is  ex&emely  rapid  and  violent ;  in  Dolomite  very 
slow,  and  generally  it  only  commences  a  minute  or  two  after  the 
substance  in  a  state  of  powder  has  been  thrown  into  the  acid.  The 
degree  and  kind  of  effervescence  at  once  distinguishes  several  nearly 
allied  and  very  similar  minerals.  \ 

289.  Many  substances  are  only  partly  soluble,  leaving  a  distinct 
residuum,  while  others  exhibit  a  gelatinous,  transparent  mass,  float- 
ing Kke  a  cloud  in  the  solution.  The  hydrosilicates  often  exhibit 
this  property,  the  floating  jelly  being  the  hydrate  of  silica.  Nephe- 
line  and  Meionite  are  good  examples.  It  is  useful  sometimes  to 
observe  the  proportion  and  nature  of  the  residue,  as  in  this  way, 
for  example,  the  difference  between  pure  and  argillaceous  carbon- 
ates of  lime  may  be  detected,  a  point  of  some  consequence  in  deter- 
mining the  value  of  limestone  £)r  the  manufacture  of  cement. 

290.  Alkalies  are  occasionally,  though  very  rarely,  resorted  to  by 
the  mineralogist  for  the  determination  of  species ;  some  minerals, 
as  hom-siLver,  being  soluble  in  caustic  ammonia,  and  caustic  potash 
affecting  the  siliceous  jelly  obtained  by  the  solution  of  the  hydro- 
silicates  in  acid. 

291.  The  application  of  heat  is  extremely  important  in  deter- 
mining minerals ;  and  this  may  be  effected  either  by  calcining  or 
roasting,  to  discover  and  drive  off  volatile  substances ;  by  the  ap- 
plication of  stronger  heat  to  produce  fusion ;  and  by  observing  the 
results  of  fusion. 

Some  minerals,  such  as  Native  bismuth,  Sulphiiret  of  silver, 
Cryolite,  Ac,  are  at  once  reduced  to  the  fluid  state  on  exposure 
to  the  flame  of  a  taper,  or  a  jet  of  burning  gas ;  but  this  is  not 
generally  the  case,  and  a  much  higher  temperature  is  required  to 
obtain  useful  results.  The  usual  and  most  convenient  means  of 
gaining  this  end  is  to  concentrate  the  flame  by  a  blowpipe,  a  bent 
tube  terminating  with  a  fine  orifice,  through  which  common  air  or 
some  gas  is  forced.  In  this  way  a  blast  being  obtained,  and  the 
heat  of  a  flame  brought  to  bear  on  any  required  object,  the  beha- 
viour of  the  mineral  may  be  well  and  minutely  observed*. 

.   292.  In  using  the  blowpipe  it  is  necessary  to  breathe  and  blow  at  the  same 
time,  that  the  operator  may  not  interrupt  the  flame  in  order  to  take  breath. 

*  One  of  the  most  important  works  on  the  subject  of  the  blowpipe  is  that  of  Plattner,  which 
has  been  translated  into  English  by  Dr.  Muspratt.  The  extreme  beaut^jr  and  accuracy  of  its 
results  have  raised  blowpipe  analysis  into  a  distinct  branch  of  chemical  science,  whose  practical 
conclusions  are  invaluable,  and  in  many  cases  are  more  to  be  depended  on  than  those  irom  any 
other  method  of  assay  or  analysis. 


ANALYSIS  or  IdCnirBBALS.  157 

This  habit  may  easily  be  acqiured.  Let  the  student  first  breathe  a  few  times 
throTigh  his  nostrils  while  his  cheeks  are  inflated  and  his  mouth  closed.  After 
this  practice  let  him  put  the  blowpipe  to  his  mouth  and  he  will  find  no  difficulty 
in  breathing  as  before,  while  the  muscles  of  the  inflated  cheeks  are  throwing  the 
aip  they  contain  through  the  blowpipe.  When  the  air  is  nearly  exhausted,  the 
mouth  may  again  be  filled  through  the  nose,  without  interrupting  the  process  of 
blowing. 

AJ^mp  with  a  large  wick,  giving  a  broad  flame,  and  fed  with  olive  oil,  is  best ; 
bflfa  candle  is  more  conveniently  carried  about  when  travelling.  The  wick 
should  be  bent  in  the  direction  the  flame  is  to  be  blown. 

The  flame  has  the  form  of  a  cone,  yellow  without  and  blue  within.  The  heat 
is  most  intense  just  b^ond  the  extremity  of  the  blue  flame.  In  some  trials  it 
is  necessary  that  the  air  should  not  be  excluded  from  the  mineral  during  the 
experiment,  and  when  this  is  the  case,  the  outer  flame  is  used.  The  outer  is 
called  the  oxidating  flame,  and  the  inner  the  reducing  flame. 

The  mineral  is  supported  in  the  flame  either  on  charcoal,  or  by  means  of  steel 
forceps  with  platinum  extremities.  The  charcoal  should  be  firm  and  well-burnt. 
Charcoal  is  especially  necessary  when  the  reduction  of  the  assay  needs  the  pre- 
sence of  carbon  j  and  platinum  when  simple  heat  is  required.  Platinum  foil  for 
enveloping  the  mineral,  and  small  platinum  cups  are  also  used.  When  nothing 
better  is  at  hand  Mica  or  Cvanite  may  be  used.  The  fragment  of  mineral  under 
trial  should  be  less  than  half  a  pea  in  size,  and  often  a  thin  splinter  is  required. 

To  test  the  presence  of  water,  or  a  volatile  ingredient,  the  mineral  is  heated 
in  a  glass  tube  or  test  viaL  The  tube  may  be  three  or  four  inches  long,  and  as 
large  as  a  quiU.  The  flame  is  directed  against  the  exterior  of  the  tube,  beneath 
the  assay,  and  the  volatilized  substance  usually  condenses  in  the  upper  part  of 
the  tube.  By  inserting  into  the  upper  end  of  the  tube  a  strip  of  Ktmus  or  other 
test-paper,  it  is  ascertained  whether  the  fumes  are  acid  or  not.  The  substances 
thus  driven  off  are  water,  oxygen  gas,  mercury,  sulphur,  arsenic,  &c. 

293.  Some  species  require  for  frision  the  aid  of  what  are  c&Red  flnxes.  Those 
more  commonly  used  are  borax,  salt  of  phosphorus,  and  carbonate  of  soda. 
They  are  fused  to  a  dear  globule,  to  which  the  mineral  is  added  j  or  powdered 
and  made  up  into  a  baU  with  the  moistened  mineral  in  powder.  In  fhia  way 
some  minerals  are  fused  that  cannot  be  attacked  otherwise.  Muxes,  also  are 
often  required  in  order  to  obtain  the  metals  from  the  metallic  ores.  On  heating 
a  fragment  of  copper  pyrites  with  borax,  a  globule  of  copper  is  obtained  j  and 
tin  ore  heated  with  soda  yields  a  globule  of  tin*. 

294.  The  composition  of  minerals  when  learned  by  analysis 
generally  presents  some  substances  which  may  be  regarded  as 
non-essential  to  the  perfect  crystalline  condition,  and  thus  the 
true  value  and  chemical  determination  of  the  mineral  is  not  at 
once  obtained.  The  application  of  the  theory  of  chemical  propor- 
tions will,  however,  generally  be  sufficient  to  show  clearly  what  is 
essential  and  what  is  accidental.  Thus,  for  example,  Calc-spar  in 
its  purest  form  of  Iceland  spar  is  found  to  consist  of 

Carbonic  add  ^'^llinn-m 

Lime 56-29/^""""J 

and  if  this  is  reduced  to  show  the  atomic  relation,  we  shall  find 
that  the  real  proportion  is  two  atoms  of  carbonic  acid  to  one  atom 
of  lime,  which  represents  the  true  nature  of  the  mineral.     But  if 

*  Dana's  "  Manual  of  Mineralogy,"  ante  cit,  p.  68. 
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we  take  a  piece  of  common  limestone,  it  may  give  such  an  analysis 
as  the  following : — 

Carbonic  add    SS'^l] 

lime  4i5'69 

day    15-40 

Oxideofiron    3-60J 

And  here  at  first  there  seems  little  resemblance ;  but  if  we  carry 
the  calculation  a  little  further,  we  shall  find  that  the  35*41  parts 
of  carbonic  acid  in  this  latter  analysis  contain  25*58  of  oxygen, 
while  the  45*59  of  lime  contain  12*80 ;  the  proportion  being  still 
2  :  1,  and  the  minerals,  therefore,  identical.  The  existence  of 
impurities  and  foreign  substances  in  minerals  often  greatly  con- 
fuses the  analyses  obtained,  and  it  requires  great  care  to  avoid 
error.  Q^nerally  no  species  can  be  admitted  in  mineralogy  as 
well  established  in  which  atomic  relations  cannot  be  traced  very 
clearly,  and  where  these  do  not  recur  in  every  fair  instance.  In 
the  example  before  us,  the  simple  relation  of  one  atom  of  oxygen 
in  the  base  to  two  atoms  in  the  acid  establishes  the  species 
distiQctly,  and  every  iostance  in  which  this  relation  exists  is 
only  a  variety  of  the  species,  even  if  it  present  peculiar  physical 
characters. 

295.  The  substances  found  in  nature  in  a  simple  state  have  been 
already  indicated  (see  ante  §  8),  as  well  as  the  other  elementary 
substances  hitherto  determined  by  chemists.  The  elements  gene- 
rally are  capable  of  combining  in  definite  proportions  of  one  and 
one,  two  and  two,  three  and  three,  one  and  two,  one  and  three, 
two  and  three,  and  so  on;  but  although  the  whole  number  of 
possible  combinations  is  thus  almost  infinite,  those  really  occur- 
ring in  minerals  are  extremely  few,  and,  comparatively  speaking, 
are  simple — ^most  of  them  being  binary  combinations,  or  including 
only  two  elements  in  their  purest  form,  and  even  the  possible 
number  of  these  being  greatly  reduced  by  two  conditions. 

296.  One  cause  of  the  limitation  of  mineral  species  is,  that  only 
thirteen  of  the  elementary  substances,  as  at  present  known,  are 
essential  in  natural  combinations.  In  other  words,  no  natural 
combination  exists  without  some  one  of  these  substances,  and  the 
number  of  compounds  is  thus  reduced  considerably.  The  fol- 
lowing are  the  substances : — Oxygen,  Sulphur,  Selenium,  Chlorine, 
Fluorine,  Carbon,  Silicium,  Tellurium,  Arsenic,  Antimony,  Qold, 
Osmium,  Mercury.  Even  of  these,  the  greater  niunber  are  com- 
paratively unimportant  combinations. 

297.  The  other  limiting  cause  is  the  extreme  simplicity  of  the 
laws  which  appear  to  govern  natural  combinations  of  the  inor- 
ganic kingdom,  a  single  atom  of  one  element  in  combination  with 
one  or  more  of  another  being  far  the  most  common  case,  and  the 
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combination  of  two  atoms  of  one  with  three  of  another  element 
being  the  proportion  which  maybe  ree;arded  as  next  in  abundance. 
Occasionally,  no  doubt,  we  meet  with  instances  of  greater  com- 
plication, as  where  three  atoms  of  one  element  combine  with  four 
of  another;  but  such  minerals  are  rare,  and  no  examples  more 
complicated  than  these  are  at  present  known. 

298.  Frequent  instances  occur  of  what  are  called  "compound  atoms*'  obeying 
similar  laws  of  combination  to  those  just  alluded  to.  Thus,  in  the  case  of  loe* 
land  spar  already  mentioned,  the  mineral  may  be  regarded  as  made  up  of  two 
compoimd  atoms  of  carbonic  odd  and  one  of  lime — ^the  compound  atoms  con- 
sisting in  the  one  cose  of  two  atoms  of  oxygen  and  one  of  carbon,  and  in  the 
other  of  one  atom  of  oxygen  and  one  of  carbon.  It  is  often  convenient  to  express 
the  compound  atoms  more  simply  than  in  the  method  already  explained.  This 
is  done  by  employing  Italic  characters  to  mark  the  compound,  and  Roman  letters 
the  simple  atoms.    Thus,  Ca  signifies  Calcium,  and  Ca  lime  (CaO). 

Beferring  to  the  table  before  quoted  (§  8^,  we  find  the  ohemiod  equiyalents, 
or  atomic  weights  of  Oxygen  (O)  to  be  8,  ot  Carbon  (Q  6,  and  of  Calcium  (Ca) 
20.  Hence,  Carbonic  acid  is  represented  by  (20  +  C»16-|-6»)  22;  lime, 
by  (Ca-h  O  =  20  +  8  «)  28;  and  Carbonate  of  lime,  by  (carb.  acid  +  lime  = 
22  4-  28  =»)  60.  Li  many  cases  the  proximate  elements  (as  the  carbonic  add 
and  lime  are  also  sometimes  called)  ore  those  which  it  is  most  essential  to  dis- 
cover in  a  mineral,  and  for  this  reason  it  has  been  thought  well  to  allude  to 
them  here. 

299.  When  binary  compounds,  of  which  oxygen  is  one  element, 
are  decomposed  by  galvanic  action,  the  oxygen  is  always  liberated 
at  the  positive,  and  the  other  element  (tnen  called  the  base),  at 
the  negative  pole.  Ab  it  is  well  known  that  electricities  of  the 
same  nature  are  mutually  repellent,  the  name  electro-negative  is 
given  to  those  elements  that  proceed  to  the  positive,  and  electro- 
positive to  those  which  appear  at  the  negative  pole.  Oxygen  is 
the  only  element  that  is  constantly  presented  at  the  positive  pole, 
all  others  being  positive  or  negative  according  to  circumstances ; 
sulphur  and  arsenic,  for  example,  being  positive  with  respect  to 
oxygen,  and  negative  with  regard  to  other  elements. 

300.  Amongst  the  thirteen  elements,  some  one  of  which  is 
essential  to  aU  binary  combinations,  two  are  far  more  abundant 
than  the  rest — ^namely,  oxygen  and  sulphur ;  the  former  being  not 
only  present,  but  forming  a  very  important  proportion  of  the 
whole  mass,  in  every  one  of  the  rocks  of  which  the  earth's  crust 
is  made  up,  and  the  latter  almost  equally  important  in  reference 
to  the  metalliferous  minerals  which  form  useful  ores. 

301.  Ternary  combinations  are  generally  composed  of  two  binary 
combinations  which  have  a  common  element ;  thus  carbonate  of 
lime  is  of  this  kind ;  and  this,  as  well  as  most  others,  is  formed  of 
two  compound  elements,  of  each  of  which  oxygen  is  one,  or  else  of 
two  combinations,  each  containing  sulphur. 

In  this  and  many  ways,  as  well  as  by  the  limitation  in  the 
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number  of  the  atoms  which  combine,  the  total  number  of  minerals 
is  greatly  limited,  and  the  number  of  natural  groups  is  brought 
within  very  easy  and  distinct  description. 

302.  The  most  common  of  all  minerals,  and  the  most  abundant 
in  quantily,  are  either  oxides,  carbonates,  or  sulphurets,  or,  in 
other  words,  are  bodies  iq  which  oxygen,  carbonic  acid,  and  sul- 
phur are  combined  with  other  elements  or  proximate  elements,  so 
as  to  form  bioary  or  ternary  compounds.  We  also  find  silicates 
presented  in  nature  very  generally,  while  fluates,  borates,  alumi- 
nates  and  phosphates  almost  complete  the  list.  The  remaining 
minerals  naturally  formed  and  at  present  known,  are  either  modi- 
fications of  those  already  named,  or  else  examples  (such  as  chro- 
mates,  tantalates,  and  others  where  the  base  combined  with  oxygen 
forms  an  acid,  which  afterwards  combines  with  some  other  base  or 
binary  compound),  bearing  a  distract  relation  to  these,  although 
occasionally  somewhat  complicated. 

303.  Numerous  systems  have  been  suggested  and  adopted  by 
different  authors  for  classifying  minerals,  aU  of  them  subject  Ix) 
many  and  great  inconveniences,  siace  all  separate  by  wide  inter- 
vals substances  having  manifest  relations,  and  brmg  together 
others  which  have  few  manifest  and  important  resemblances. 
Some  of  these  are  sanctioned  by  names  of  the  highest  authority, 
but  being  based  on  theoretical  views  not  imiversally  admitted, 
they  have  not  obtained  general  assent.  The  plan  which  will  be 
adopted  in  the  following  pages,  is  chiefly  founded  upon  chemical 
nomenclature,  and  the  number  of  minerals  is  reduced  as  much  as 
seems  justifiable.  In  the  subsequent  descriptions  the  unim- 
portant species  are  merely  named,  but  the  names  are,  when  neces- 
sary, accompanied  by  as  fall  a  list  of  synonyms  as  is  likely  to  be 
useful.  It  has  also  been  thought  desirable  that  the  student  should 
be  able  to  see  at  a  glance  the  names  of  those  minerals  with  which, 
from  whatever  cause,  it  is  either  essential  or  very  desirable  that 
he  should  be  familiar,  and  a  knowledge  oi  whi6h  will  be  found 
most  useful  in  geological  investigations.  A  table  of  such  minerals 
is  therefore  appended,  and  it  would  be  extremely  desirable  that  a 
collection  of  the  minerals  themselves  should  be  at  hand  to  identify 
specimens  that  may  be  afterwards  found*. 

*  Collections  of  this  kind,  and  corresponding  with  the  list  given,  have  been  prq>ared  by  Mr. 
Tennant,  159  Strand,  and  may  be  procured  at  a  moderate  cost. 
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304.  TcMe  of  the  Classification  of  Minerals. 

GLASS  I.    Siinple  bodies  or  binary  compounds,  never  bases,  and  non- 
'    metallio. 
Group,  1.  Combustible.  Group  2.  Incombustible. 

CLASS  n.  Alkaline  Salts. 

Group  1.  Salts  of  Ammopja.  Group  2.  Salts  of  Potash. 

Group  3.  Salts  of  Soda. 

CLASS  m.  Alealinb  Eabths  akd  Eabths. 

Group  1.  Salts  of  Baryta.  Group  3.  Salts  of  Lime. 

2.  Salts  of  Strontia.  4.  Salts  of  Magnesia. 

Group  5.  Salts  of  Alumina. 

CLASS  lY.  Silicates  and  Altiminates. 

Group  1.  Anhydrous  simple  aluminous  Silicates. 

2.  Hydrous  simple  aluminous  Silicates. 

3.  Anhydrous  double  aluminous  SUicates. 

a.  Silicates  of  AluTninR  and  Lime,  and  their  isomorphs. 
h.  Aluminous  and  Alkaline  Sihcates,  and  their  isomorphs. 

4.  Hydrous  double  aluminous  Silicates. 

5.  Non -aluminous  Sihcates. 

6.  Sihco-aluminates,  -fluates,  -borates,  -titanates,  and  -sulphurets. 

7.  Aluminates. 

[N.B. — The  bases  of  alkaline  salts,  alkaline  earths  and  earths,  form  the  group  of  light  metals, 
or  metalloids,  which  are  arranged  and  named  as  follows,  but  which  neyer  occur  in  a  native  state. 
Those  important  in  mineralogy  are  printed  in  itaUcs.] 

Alkali  mktals.  Earth  mbtals.  Sarth  mktals  (continued). 

1.  Potafsium.  7.  Ma^n^um,  IS.  Terbium. 

2.  Sodium,  8.  Cenum.  14.  Glucinum. 

3.  liitbium.  9.  Lanthanium.  16.  Aluminium, 

4.  Barium.  10.  Didymium.  16.  Thorium. 

5.  Strontium.  11.  Yttrium.  17 .  Zirconium. 

6.  Calcium.  12.  Erbium.  16.  Silichm. 

CLASS  V.  Metals. 

*  

Group  1.  Base  metals  (not  reducible  by  heat  alone). 

a.  Brittle,  and  difficultly  fusible. 

1.  Titanium.  4.  Pelopium.  8.  Chromium. 

2.  Tantalum.  5.  Tungsten.  9.  Uranium. 

3.  Niobium.  6.  Molybdenum.  10.  Manganese. 

7.  Vanadium. 

h.  Brittle,  but  easily  ^ible  or  volatile. 
11.  Arsenic.  12.  Antimony.         13.  Tellurium.  14.  Bismuth. 

c.  Malleable. 

15.  2^ino.  18.  Lead.  21.  Nickel. 

16.  Cadmium.  19.  Iron.  22.  Copper. 

17.  Tin.  20.  CohaU. 

Chroup  2.  Noble  metals  (reducible  by  heat  alone). 

23.  Mercmy.  26.  PlaHnum.  29.  Iridium. 

24.  8iher,  27.  Palladium.  30.  Buthenium. 

25.  Gold,  28.  Bhodium.  31.  Osmium. 

[The  useful  metals  are  printed  in  italics.] 
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305.  Table  of  Important  Mmerals. 


CLASS  I. 
'Diamond. 

Ghraphite. 

Anthracite. 

Coal. 

Lignite. 

Bitumen. 

Amber. 

Sulphur. 

Quartz. 

Amethyst. 

Quartzite, 

Agate. 
-l  Chalcedony. 

Flint. 

Tripoli. 
I  Jasper. 
LOpal. 

CLASS  IL 
f  Sal-ammoniac. 
I  Nitre. 
1  Bock-salt. 
L  Borax. 


CLASS  in. 

Witherite. 
Heayy  spar. 
Strontianite. 
Celestine. 
Calc-spar. 
Marble. 
Septarium. 
Anagonite. 
Dolomite. 
Muor-spar. 
Gypsum. 
Apatite. 
Maimesite. 
rCWidvmi. 
Sapphire. 
Ornery. 
Wayellite. 
Turquoise. 
Alumstone. 


CLASS  IV. 
JCyanite. 
\  Chiaatolite. 


Clay. 

FulWs  earth. 
^Colophonite. 

Precious  gamot. 

Epidote. 

lolite. 

Jade. 

Emerald. 
.Beryl. 

Felspar. 

Obsidian. 

Pumice. 

Albite. 

Labradorite. 

Petalite. 
..Leucite. 

{Analdme. 
Chlorite. 
*  Apophyllite. 

Talc. 

Steatite. 

Serpentine. 

Olivine. 

Zircon. 

Hornblende. 

Augite. 

Hypersthene. 

Asbestos. 
^Diallage. 
'  Topaz. 

Bi-axal  mica. 

Lepidolite. 

Uni-axal  mica. 

Tourmaline. 

Sphene. 
^lApis  lazuli, 
f  Spinelle. 

ChiysoberyL 

CLASS  V. 

Wolfram. 

Molybdenite. 

Chromite. 
r  Pitch  blende. 
tUramte. 

fPVrolusite. 
Wad. 
Psilomelane. 
Manganese  spar. 


J 


r  Arsenic 
<  Realgar. 
[^  Orpiment. 

Gtrey  antimony. 

Bismuth. 

Blende. 

Calamine. 

Electric  calamine. 

Spartalite. 

l^nstone. 

Bell-metal  ore. 
'GhUena. 

Carbonate  of  lead. 

Pyromorphite. 
T^ron  pyrites. 

MispicJEel. 

Magnetic  iron  ore. 

Micaceous  iron. 

Bed  hematite. 

Brown  hematite. 

Spathic  iron. 

Clay  ironstone. 

Yiyianite. 

Jenite. 
^Chamoisite. 
I*  Smaltine. 
i  Earthy  cobalt. 
I  Cobalt  bloom. 

Copper  nickeL 
pf  ative  copper. 

Vitreous  copper. 

Black  oxide  of  copper. 

Bed  oxide  of  copper. 

Copper  pyrites. 

Purple  copper. 

Ghrey  copper  ore. 

Azurite. 

Malachite. 

Chiysocolla. 
fMercury. 
\  Cinnabar. 
"Natiye  sUyer. 

Vitreous  silyer. 

Black  silyer  ore. 

Buby  silyer. 
LHor^  silyer. 

Gold. 

Platinum. 

Palladium.. 
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CHAPTEE  IX. 

DESCRIPTION  OF  NON-METAIXIO  SIMPLE  MINEEALS. 

306.  Wb  now  commence  the  description  of  minerals,  and,  in 
order  that  the  account  may  be  as  distinct,  and  at  the  same  time  as 
useful  as  possible,  only  a  limited  number,  including  those  most 
widely  spread,  most  remarkable,  and  most  useful,  wiU  be  referred 
to  in  any  detail ;  but  for  each  of  these,  the  chemical  composition 
of  the  mineral,  its  hardness,  its  specific  gravity,  and  the  system  in 
which  it  crystallizes,  will  be  mentioned,  symbols  being  sometimes 
used  to  shorten  the  descriptions,  and  avoid  the  constant  repetition 
of  the  same  expressions.  Thus  the  chemical  composition,  if  not 
given  in  full,  will  be  expressed  according  to  the  method  indicated 
m  the  first  chapter  (see  §  8),  the  symbols  printed  in  italics  repre- 
senting the  element  referred  to  combined  with  its  full  proportion 
of  oxygen.  Hardness  is  indicated  by  the  letter  H,  and  the  degree 
of  hardness  by  figures  referring  to  the  table  inserted  in  article  280. 
The  specific  gravity  is  marked  by  SQ. 


CLASS  THE  FIEST. 

The  minerals  included  in  this  class  are  electro-negative  bodies, 
never  appearing  as  bases,  and  always  forming  an  essential  ingre- 
dient in  binary  combinations.  Some  of  them  are  permanently 
gaseous,  either  alone  or  in  combination  with  other  substances  of 
the  same  group,  but  these  belong  to  the  domain  of  chemistry. 
Others,  as  Carbon  and  Sulphur,  are  considered  in  their  character 
as  combustibles ;  and  a  number  of  simple  minerals,  of  which  SiHca 
is  the  essential  ingredient,  form  the  remaining  group. 

Q-Eoxrp  1.  Combustible  Minerals, 
OABBON. 

307.  This  substance  occurs  in  nature  as  a  simple  mineral  in 
three  distinct  forms,  two  of  them,  Diamond  and  Qraphite,  crystal- 
lizing in  different  systems;  and  the  third,  though  massive  and 
amorphous,  quite  umike  either  of  the  others  in  many  important 
characters.  With  the  exception  of  the  two  crystalline  forms,  the 
various  minerals  of  which  carbon  is  a  principal  ingredient  bum 
at  a  low  temperature,  with  flame  and  sensible  odour.  They  are 
mostly  derived  from  organic  substances,  and  consist  of  combinations 
of  carbon  with  hydrogen,  and  occasionally  sulphur.  They  are 
conveniently  distinguished  as  resins,  bitumens,  and  coals. 

308.  Diamond  (Octahedral,  C, H  =  10,  SG  =  36  - 36).  The 
diamond  is  one  of  the  crystalline  forms  of  pure  carbon.     It  usually 


164t  mh^ralogy. 

appears  in  regular  octahedrons,  whose  specific  gravity  is  8*55.  It 
hums  with  a  hluish  flame,  and  is  consumed  at  a  high  temperature. 
It  is  the  hardest  known  suhstance,  and  the  one  of  greatest  value 
when  pure,  of  good  colour,  and  of  fair  dimensions.  It  becomes 
electric  by  Mction.  Diamonds  occur  in  a  quartz  conglomerate  in 
various  parts  of  the  East  Indies,  and  in  alluvium  in  Brazil.  Small 
diamonas  have  been  found  in  the  Ural  Mountains,  and  in  Africa. 
The;^  have  also  been  found,  though  hitherto  of  no  value,  in  Cali- 
fornia, in  YirgLuia,  and  in  Australia,  associated  with  gold  alluvia. 

Diamonds  are  either  nearly  colourless,  or  are  slightly  tinted  with 
blue,  green,  or  red — ^the  latter,  a  rose  tint,  when  the  diamond  is  in 
other  respects  good,  obtaining  the  preference.  A  black  variety 
occurs,  but  is  very  rare.  The  purest  of  all  are  limpid.  Diamonds 
are  estimated  according  to  their  weight  in  carats,  one  carat  being 
equal  to  3*17  grains  troy.  The  largest  known  are  from  the  East, 
and  weigh  respectively  410,  376,  280,  205,  195,  139^,  and  106 
carats.  The  largest  Brazilian  diamond  weighed  about  100  carats. 
All  these  are  the  weights  before  cutting. 

Besides  being  used  as  an  ornament,  the  diamond  is  valuable  for 
the  purposes  of  engraving  and  cuttiag  glass ;  and  advantage  is 
taken  of  the  frequent  curvature  of  the  crystalline  faces  to  produce 
the  hardest  cutting  edge.  The  grinding  and  cutting  of  the  dia- 
mond is  effected  by  hand  and  by  simple  machinery.  The  grinding 
is  effected  generally  by  the  mutual  friction  of  two  specimens, 
assisted  by  the  powder  of  the  same  substance,  after  the  faces  have 
been  cut  by  the  aid  of  an  iron  plate  and  diamond  powder. 

309.  Qbaphite  (Hexagonal, C,  H  =  0-5  -  1,  S  GF=  1*9  -  2-245) 
is  generally  regarded  as  an  allotropic  form  of  carbon,  which  ap- 
pears to  be  polymorphous.  It  is  also  called  JPhmbago,  or  Black 
lead,  and  has  been  regarded  as  a  Carburet  of  iron,  but  in  its  pure 
state  it  consists  of  96  to  96  per  cent,  of  pure  carbon,  and  2^  per 
cent,  of  other  matters,  chiefly  lime  and  alumina.  Its  specific 
gravity  varies  a  good  deal,  but  the  purest  varieties  are  the  lightest. 
Graphite  is  crystalline  either  in  little  plates  or  small  hexagonal 
spangles.  It  is  generally  laminated  or  granular.  In  its  pure 
state  it  is  very  v^uable,  but  extremely  rare.  In  an  impure  state 
it  is  common,  and  generally  found  in  lumps  in  altered  rocks.  Its 
uses  in  the  arts  are  various — the  best  specimens  are  cut  into  thin 
strips  for  the  manufacture  of  artist's  pencils.  A  large  quantity  is 
employed  in  polishing,  and  in  making  crucibles  for  chemical  pur- 
poses. The  best  specimens  are  from  Cumberland,  but  the  chief 
supply  is  from  Mexico  and  Ceylon.  The  purest  graphite  does  not 
make  the  best  pencil  lead. 

Coal  SuihOroup, 

310.  Anthbacitb  (Amorphous,  C,H  =  2 - 26, SG  =  1-4 - 1*7) 
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has  a  semi-metallic  lustre.  It  takes  fire  with  difiSculty,  but  bums 
steadily  with  the  aid  of  a  strong  draught.  It  contaias  from  70  to  90 
per  cent,  of  carbon,  and  6  to  8  per  cent,  of  volatile  substances,  the 
remainder  generally  consisting  of  iacombustible  ashes,  of  which 
Silicate  of  alumina  forms  a  large  part.  There  is  a  pure  vitreoujs 
variety,  perfectly  homogeneous,  and  of  distinct  conchoidal  j&*acture. 
Anthracite  is  a  third,  but  uncrystallized  form  of  carbon,  and  is 
found  both  in  veins  and  beds,  sometimes  in  altered  rocks,  and 
with  metalliferous  ores.  The  following  is  an  analysis  of  Anthra- 
cite from  Wales : — Carbon  92*56,  Hydrogen  3*33,  Oxygen  and 
Nitrogen  2*53,  Ash  1*58.  A  finer  kind  is  used  for  certain  pur- 
poses where  great  purity  is  required,  and  samples  of  this  yield  98 
per  cent,  of  carbon. 

Steam  coal  is  intermediate  in  its  properties  between  true  An- 
thracite and  Bituminous  coal.  Yery  large  quantities  both  of 
Anthracite  and  Steam  coal  are  obtained  from  South  Wales ;  and 
the  eastern  coals  of  the  United  States  of  America  are  chiefly  con- 
fined to  these  qualities. 

311.  BiTU3iiN0US  Coal  is  less  hard,  more  laminated,  much 
richer  in  volatile  ingredients,  and  much  more  readily  inflammable 
than  anthracite,  containing  from  10  to  30  per  cent,  of  volatile  sub- 
stances. It  is  abundant  in  certain  localities,  and  is  the  kind  chiefly 
used  as  fael.  The  Caking  coal  is  the  kind  obtained  chiefly  at  New- 
castle.    Splint  coal  and  Cherry  coal  are  the  names  of  varieties. 

Cannel  coal  is  compact,  and  of  even  texture,  with  little  lustre. 
It  bums  freely  like  a  candle,  without  swelling,  but  with  much 
smoke.  It  contains  from  40  to  nearly  60  per  cent,  volatile  sub- 
stances. Jet  is  still  harder,  of  deeper  colour,  and  higher  lustre. 
It  is  set  in  jewellery,  receiving  a  high  polish.  It  contains  about 
37i  per  cent,  of  volatile  matter. 

The  following  apnaljses  may  be  useM.  The  English  were  cMefly  obtained 
under  the  superintendence  of  Dr.  Lyon  Play&ir  j  the  American  are  by  Dr.  Percy 
and  Mr.  Heniy:' — 

Locality.  Carbon.  Hydrogen.  Nitrogen.  Sulphur.  Oxygen.     Ash. 

Welch  Coal...  Ebbw  Vale 89*78 

Ditto    ColeshiU 73-84 

Scotch Dalkeith 7455 

Ditto   Gtrangemouth...  79*85 

English   Forest  of  Dean.  73*52 


Ditto   Newc.-on-Tyne.  83*59 

Westphalian 96*02 

American Pomeroy's 76*70 

Ditto   Mauch  Chunk..  84*98 

Ditto   EastemVirginia,  80*38 

French  ditto ..  Blanzy 76*48 


5*15 

2*16 

102 

0*39 

1-50 

5*14 

1*47 

2-34 

8*29 

8*92 

5*14 

0*10 

0*33 

15*51 

4-37 

6*28 

1*35 

1*42 

8*58 

3*52 

5*69 

2*04 

2*27 

6*48 

10-00 

5*15 

8*74 

26*0 

0*44 

2*94 

0*60 

6*67 

1*71 

11*32 

4-60 

2*45 

1*22 

1*15 

10*20 

408 

619 

9*85 

5*23 

1601 

2*28 
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312.  lAgmte^OT  Brown^eodlf  also  called  Bovey-coal,  and  Wood-coalf  is  much 
less  pure  than  bituminous  coal,  and  usually  contains  water  as  well  as  rather  a 
large  proportion  of  earthy  ash.  There  are  many  varieties,  and  the  quantity  of 
matter  given  off  at  a  moderate  heat  by  distillation  is  usually  as  much  as  50  per 
cent.  D^sodil  is  a  yellow  or  greyish  highly  laminated  substance  often  found 
with  Lignite,  burning  vividly,  and  spreading  an  odour  of  asatotida. 

Bitumen  Sub-Qrowp, 

313.  BiTTJMEN.  NapJiiha,  JPetroletim,  Mineral  Pitch,  Asphalt, 
Mineral  Oil  (CHLj,  generally  fluid,  Sa=0-7— 0-9.)  These  are 
names  given  to  various  forms  of  bitumen,  consisting  of  compounds 
of  carbon  and  hydrogen,  found  both  solid  and  fluid  in  nature,  and 

E resenting  no  regular  form.  Some  of  them,  as  Petroleum,  ooze 
rom  limestones  or  sandstones,  and  harden  on  exposure.  Naphtha, 
which  is  a  limpid  or  yellowish  fluid,  issues  from  the  earth  in  large 
quantities  in  rersia  and  the  Birman  empire,  also  blackens  and 
hardens  in  the  course  of  time.  Lakes  of  bitumen  exist  in  the 
Isle  of  Trinidad  in  the  West  Indies.  The  mineral  issues  at  a  high 
temperature  and  appears  to  boil  in  the  middle  of  the  lake,  but  is 
solid  and  cold  near  the  shores. 

The  variety  called  Asphalt  is  met  with  abundantly  on  the  shores 
of  the  Dead  Sea,  but  it  also  occurs  in  the  Pyrenees,  and  has  been 
obtained  from  thence  to  mix  with  gravel,  and  form  a  pavement. 
It  has  a  conchoidal  fracture  and  is  sectile,  H=2,  SQ-=1*1— 1*2. 
It  is  opake  and  resinous,  and  has  a  strong  bituminous  odour  when 

rubbed. 

314.  MiNBBAL  OAOTJTCHOrc.  Elastic  Situmen,  Materite,  (CHj.  Very  soft. 
SQ-as 0*8— 1*28.)  It  occurs  Id  soft,  flexible  masses  of  brownish  black  colour, 
consisting  when  pure  of  85^  per  cent,  of  carbon,  and  13*3  per  cent,  of  hydro- 
gen.  It  Dums  readily  with  yellow  flame  and  bituminous  odour.  Idriahne  is 
a  variety  containing  upwards  of  94  per  cent,  of  carbon,  and  represented  by  the 
formula  CgHs. 

Mesin  Svh-Qrotip, 

315.  Ambbe  (CioHgO,  H=2-2-5,  Sa=r08).  It  occurs  in 
irregular  transparent  masses,  of  yellow  colour  and  resinous  lustre. 
Consists  of  carbon  79,  hydrogen  10*5,  oxygen  10*5.  Bums  with 
yellow  flame  and  aromatic  odour.  It  is  used  for  ornamental  pur- 
poses, for  pipe-heads  in  Turkey,  and  yields  when  burnt  a  carbon- 
aceous residue,  whence  the  finest  black  varnish  is  coloured.  It  is 
highly  electric  by  friction.  It  is  unquestionably  of  organic  origin, 
and  is  chiefly  found  on  the  shores  of  the  Baltic  between  Konigs- 
berg  and  Memel.  It  often  contains  the  remains  of  insects,  and 
sometimes  even  the  most  delicate  parts  of  flowers. 

Betinite,  Metin'OsphaU,  occurs  in  roundish  transparent  masses  of  earthy 
lustre  on  lignite.     It  is  a  mixture  of  a  vegetable  resin  with  bitumen. 

Fossil  Coped,  a  native  resin  found  at  Highgate,  and  elsewhere.    Berengelite, 
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Ou^aqmUUe^  H^ddletonUe^  Piauziie,  are  other  names  for  Bimilar  fossil  resins. 
JBoff  iutter  is  a  variety  found  in  Ireland. 

Moui^TAiN  TaIiLOW  and  Jffatchetine  are  the  names  given  to  substances  inter- 
mediate between  resins  and  bitumens.  They  have  generally  resulted  from  the 
decomposition  of  organic  substances. 

ScheererUe,  Fichtelite,  KonlUe,  Martite,  IxoUte,  Ozokerite,  are  names  of 
varieties  differing  in  the  proportion  of  carbon  and  hydrogen.  MeUite  is  some- 
times regarded  as  a  resin  and  sometimes  as  a  salt  of  alumina. 

STJLPHUB. 

316.  Sttlphttb  (Prismatic,  H=2*3,  SGh=l*9— 2-1)  occurs  native 
in  acute  octahedral  crystals,  and  massive.  Colour  and  streak  a 
peculiar  and  well-known  yellow;  lustre  resinous;  very  brittle; 
transparent  or  translucent  on  the  edges.  It  is  common  in  vol- 
canic districts,  often  in  an  efflorescent  form,  and  in  fine  powder. 
Large  quantities  are  obtained  in  this  way  from  Vesuvius,  and  are 
used  in  the  manu&.cture  of  gunpowder,  for  bleaching,  in  the 
manufacture  of  sulphuric  acid,  and  also  in  medicines.  It  is  often 
deposited  from  springs. 

The  trade  in  native  sulphur  is  not  unimportant.  In  1844,  about  66,000  tons 
were  exported  from  SicUy;  and  in  1845,  more  than  40,000  tons,  of  which 
quantity  nearly  one  half  is  brought  to  England.  A  large  quantity  of  sulphur 
used  in  the  manufacture  of  sulphuric  add  is  obtained  from  iron  pyrites,  chiefly 
from  the  county  of  Wicklow,  !&eland. 

317.  Seleniuh  is  a  metalloid  having  certain  affinities  with  sulphur.  It  is 
found  native  in  Sicily,  in  thin  plates  of  brownish  black  or  lead-grey  colour,  in- 
vesting sulphur  (H=b2'0,  SO- » 4*3).  Selenium  melts  a  Uttle  above  the  boiling- 
point  of  water  and  gives  off  the  odour  of  horse-radish.  Selenium  also  occurs 
combined  with  sulphur  in  Selei/^-sulphur, 

G-BOUP  2.  Incombustible  Minerals, 

SILICA. 

Silica  is  an  oxide  of  Silicium,  the  most  abundant  of  the  light 
metals.  Its  nature  and  properties  are  very  imperfectly  known, 
and  it  is  only  obtainable  in  small  quantities  and  with  extraordi- 
nary difficulty.     It  has  no  known  use. 

318.  QuABTZ  (SiO.,  *  or  ^i.  Hexagonal,  H=7,  Sa=2-65-2-8). 
One  of  the  most  abundant  substances  in  nature,  and  one  whose 
different  forms  are  very  frequently  presented  to  the  mineralogist. 
It  consists  exclusively  of  silica.  It  strikes  fire  with  steel,  and 
scratches  glass  and  most  other  substances,  except  a  few  gems.  It 
is  infusible  before  the  blowpipe,  and  insoluble  in  ordiniary  acids. 
The  following  division  into  five  sub-species  will  be  found  useful : — 

1.  Eock  Crystal.  4.  Flint. 

2.  Compact  Quartz.  5.  Earthy  Quartz. 

3.  Agate. 

*  Chemiflts  are  not  quite  agnreed  as  to  this  formula,  which  is  that  adopted  by  Berxelius.  Others 
have  assumed  SiO,  aod  otiiera  again  SiOg. 


168  MnrEBALOGY. 

819.  Rock  Cbtstal,  Amethyst,  and  some  other  yarietieB  of  Quartz,  are  cry- 
stalline and  highly  transparent,  with  distinct  and  well-marked  yitreous  fracture. 
The  amethystine  varieties  {Amethyst  and  Sose  quartz)  contain  alumina  and 
oxide  of  manganese,  and  the  CeUmfform  or  Smok^'quartz,  a  small  quantity  of 
bitumen.  White  varieties  {Milky -quartz)  are  phosphorescent  when  rubbed 
together,  and  give  out  a  strong  odour.  Ferruginous  quaHz  is  coloured  with 
iron,  and  is  remarkable  for  often  presenting  weU-shaped  crystals. 

The  general  form  of  quartz-crystals  is  a  regular  six-sided  prism,  terminated 
by  six-sided  pyramids ;  but  the  usual  crvstals  are  modifications  of  this  original 
form,  althougn  frequently  retaining  a  distinct  trace  of  it.  Cleavage  is  rarely 
traceable  by  ordinary  means,  but  may  often  be  detected  by  heating  a  crystfJ 
and  plunging  it  in  water.  The  tendency  of  cleavage  is  to  produce  the  funda- 
mental form,  of  which  perfect  specimens  are  rare.  Quartz  exhibits  double 
refraction  to  a  moderate  degree. 

Bock  crystal  is  frequently  penetrated  by  acicular  crystals  of  titanium,  by 
crystals  of  asbestos,  producing  the  mineral  called  Ca^s-eye^  and  by  crystals  or 
plates  of  mica,  as  in  the  case  of  Avawturine.  The  latter  is  a  rare  mineral  in 
nature,  the  specimens  sold  being  usually  factitious.  A  fluid  has  been  observed 
occupying  cavities  in  quartz  crystals,  which  was  at  one  time  supposed  to  be 
water ;  but  Sir  David  Brewster  has  shown  it  to  consist  of  two  olea^ous  liquids 
volatile  at  different  temperatures.  False-topaz  or  Sitrine,  is  a  name  given  to 
pale,  yeUow,  pellucid  crystals  of  quartz  resembling  topaz. 

Compact  Quabtz,  or  Quartzite^  is  the  name  given  to  compact  metamorphic 
sandstones  which  are  very  widely  distributed.  Chranular-quartz  is  an  earthy 
form  of  it.  Sandstone  passes  into  granular  quartz  and  quartzite,  and  will  be 
described  ia  a  Aiture  chapter  as  a  rock. 

320.  AaATE  is  a  stalactitic  or  concentrically  formed  quartz,  frequently  pre- 
senting distinct  and  beautifrd  coloured  bands.  Agates  are  called  by  various 
names  according  to  their  appearance,  structure,  or  colour ;  thus,  when  undu- 
lating and  many-coloured,  they  are  Miband-affotes ;  when  zigzag.  Fortification' 
agates ;  and  when  apparently  broken,  Rvin-agatiBS.  When  the  colours  and 
bands  are  not  very  numerous,  but  arranged  in  flat  horizontal  layers,  the  name 
Onyx  is  given  to  them,  and  th^  are  tiien  employed  for  cameos,  one  colour 
being  partly  removed  in  the  process  of  manufiictiure.  When  the  colours  are 
mixed  irregularly,  the  specimens  are  called  Mocha-stones  or  Moss-agates^  and 
present  the  appearance  of  enclosed  vegetation,  generally  due  to  the  imperfect 
crystallization  of  colouring  salts  of  manganese  or  iron. 

Agate,  when  of  pearly  or  smoky  gr^  colour,  subvitreous  or  waxy  lustre,  great 
translucency,  and  clear  tint,  is  called  Chalcedony^  and  specimens  presenting  a 
blood-red  colour,  either  uniformly  distributed  or  in  patches,  are  Cornelians. 
These  are  much  used  in  the  less-expensive  kinds  of  jewellery,  and  the  colours 
are  generally  deepened  by  long  exposure  to  the  sun  s  rays.  Sard  is  a  deep 
brownish-red,  and  Chrysoprase  an  apple-green  variety,  the  latter  coloured,  bv 
nickel ;  while  a  peculiar  dark-green  quartz  mineral  of  this  kind,  spotted  as  if 
with  drops  of  blood,  is  called  Heliotrope  or  Bloodstone,  A  faintly  translucent 
leek-green  variety,  resembling  jasper,  is  called  Plasma.  It  presents  conchoidal 
fracture. 

Chalcedony  is  not  unfrequently  stalactic,  and  is  occasionally  formed  in  cavi- 
ties. These  specimens  often  attain  very  large  size.  Chert  seems  to  be  a  sort  of 
granular  chalcedony  and  passes  into  the  rock  called  Somstone, 

821.  Flint.-  Tlus  is  a  massive  compact  silica,  of  dark  shades  of  smoky  grey, 
brown  or  black.  Its  fracture  is  conchoidal ;  it  forms  into  masses  of  various 
grotesque  and  irregular  shapes,  and  is  abundantly  present  embedded  in  chalk, 
often  presenting  the  structure  of  soft,  spongiform,  and  other  marine  animals.   • 
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It  is  less  transparent  than  any  of  the  varieties  of  agate,  and  is  connected  with 
them  by  chert,  fi^igments  being  sometimes  found  w£ach  present  both  forms  in 
a  hard  specimen.  There  is  a  variety  of  iSint  occasionally  met  with  in  a  spongy 
or  cellular  form,  the  cavities  being  themselves  subsequently  filled  with  quartz, 
forming  a  stone  adapted  for  grindmg.  This  kind  of  mill-stone  differs  from  the 
coarse  granular  sandstone  used  generally  for  the  same  purpose  in  England. 

Float-Hone  is  a  name  given  to  a  fibrous  spongy  variety  of  quartz  so  light  as 
to  float  in  water.  Tabular-quartz  is  another  form,  also  cellular,  but  consisting 
of  plates  either  parallel  to  or  crossing  one  another. 

822.  Eabtht  Quabtz. — ^This  sub-species  consists  of  a  powdery  mineral,  often 
found  on  the  sur&ce  of  flint,  or  produced  by  infusorial  animalcules,  or  else  de< 
posited  by  thermal  springs  as  a  siliceous  incrustation  on  organic  bodies.  The 
weU-known  polishing  powder  of  Bilin,  in  Bohemia,  and  common  Tripoli^  is  of 
this  kind.  Gelatinous  silex  {Bandanite)  is  a  remarkable  variety,  and  Maltha- 
cite  and  MichaeUte  are  hydrates  of  siHca,  probablv  belonging  to  this  group. 
Adhesive-slate,  and  PoUshvng-slatey  are  other  varieties. 

323.  Jaspeb.  The  minerals  to  wbicli  this  name  is  given  are 
merely  varieties  of  quartz  coloured  by  iron,  of  wliicli  they  contain 
2'75--4  per  cent.  They  are  quite  opake,  often  present  zones  or 
bands  like  agates,  admit  of  mgh  poUsh,  and  are  of  some  value. 
Next  to  the  valuable  and  ornamental  specimens,  those  caUed  Zy- 
dian  stone,  JSascmite,  or  Touchstone  are  the  most  important,  being 
of  a  velvet-black  colour  (produced  by  carbon),  and  used  on  ac- 
count of  their  hardness  as  a  test  on  which  to  determine  the  purity 
of  the  precious  metals,  the  half-polished  surface  acting  as  a  fine 
file,  and  the  blackness  of  the  mineral  showing  the  colour  of  the 
metal. 

824.  Opal  (B[=6-5— 6*6,  SG=2--2-2).  Opal  may  ahnost  be 
regarded  as  a  distinct  species,  presenting  always  a  per-centage  of 
water,  which,  however,  varies  from  little  more  than  two  to  more 
than  thirteen  parts  in  a  hundred,  together  with  (generally)  some 
oxide  of  iron,  and  a  small  quanlaty  of  the  alkaline  earths.  It  is 
compact  and  amorphous,  and  sometimes  stalactitic,  of  very  variable 
colour,  and  often  with  a  play  of  colours  of  great  briUiancy ;  of 
hardness  inferior  to  pure  quartz,  and  of  comparatively  low  specific 
gravity.    The  followmg  are  the  most  remarkable  vaneties  : — 

1.  Freciotts-opal,  Noble-opal,  a  valuable  gem,  a  known  specimen  of  which 
weighs  17  ounces,  and  is  as  large  as  a  man's  fist.  External  colour  milky,  with 
rich  play  of  delicate  tints. 

2.  Fire-opal,  Gfirasol,  yellow  with  bright  hyacinth  or  fire-red  reflexions. 

8.  Common-opcU,  SeniiopcU,  has  milky  opalescence,  but  no  true  play  of  colours. 

4.  Mifdrophcme.  Opake,  white,  or  yellowish  when  dry,  but  translucent  and 
opalescent  when  immersed  in  water.    It  is  strongly  adherent  to  the  tongue. 

5.  CachoUmg,  resembles  chalcedony,  but  contains  water  and  also  a  Uttle 
alumina. 

6.  Hyalite,  MHUef's-glcus,  Fiorite,  a  glassy  transparent  variety  resembUng 
very  tnuisparent  gum-arabic  i  occurs  in  smaU  concretions,  stalactitic  and  stalag- 
miac. 

7.  MenUite,  a  brown  opake  variefy,  not  unfirequently  slaty,  found  in  kidney- 
shaped  masses  at  Mont  Menil,  near  Fans. 
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8.  Wood'opaly  impure,  resembling  wood,  and  consisting  of  wood  petrified 
into  opaL 

9.  Opdl-jctaper^  resembles  jasper  and  contains  iron. 

10.  Tabasheer,  a  siliceous  aggregation  found  in  the  joints  of  the  bamboo. 

11.  Siliceoua-sifUer  has  sometimes  an  opaline  character,  and  is  deposited  from 
hot  springs  and  near  volcanoes. 


CLASS  THE  SECOND. 

ALKALINE  SALTS. 

The  minerals  belonging  to  this  class  are  soluble  in  water,  and 
have  a  distinct  taste. 

Salts  of  Ammonia. 

325.  Sal-ammoiteac,  Sal-volatile,  Sahniac,  HaHshom,  Muriate 
of  ammonia  (Octahedral,  H = 1*5 — 2,  SG= 1*528) .  Found  crusted 
and  efflorescent,  and  sometimes  crystalline,  the  usual  form  being 
a  regular  octahedron.  Occurs  in  many  volcanic  districts,  and 
about  ignited  coal  seams ;  soon  decomposes,  and  is  volatile  at  a 
low  temperature ;  colour  white,  yellowish,  or  grey ;  soluble  in 
three  parts  of  water.  Used  in  medicine,  in  dyeing,  by  tin  work- 
ers in  soldering,  and  mixed  with  iron  filings,  or  turnings,  to  pack 
joints  in  steam  apparatus.  Obtained  artificially  for  economic 
purposes. 

Mascagnine  (B[=2 — 2*6,  80^=1*7 — 1'8),  Sulphate  of  ammonia  with  water. 
Volcanic,  soluble,  found  in  coal  mines  occasionally. 

Salts  ofJPotash, 

Potash  or  potassa  is  an  oxide  of  potassium,  which  is  one  of  the 
light  metals  (SG=0*865).  It  is  silver-white  with  strong  lustre, 
and  crystallizes  readily  in  cubes.  It  conducts  heat  and  electricity. 
At  the  freezing-point  of  water  it  is  brittle,  and  at  65°  Fahr.  as 
soft  as  wax.  It  begins  to  melt  at  136*4  Fahr.  It  decomposes 
water  with  extraordinarjr  energy. 

326.  NiTEE,  Saltpetre,  Nitrate  ofpotash  (Ehombohedral.  Iso- 
morphous  with  Arragonite,  H = 2,  S Q- = 1*93) .  In  white  subtrans- 
parent  crusts  and  acicular  crystals ;  colour  white ;  translucent.  So- 
luble in  three  parts  of  cold,  or  two  parts  of  hot  water.  Is  widely 
distributed,  especially  in  Spain  and  Egypt,  and  is  abundant,  being 
derived  from  the  decomposition  of  various  rocks.  Used  in  the 
manufacture  of  gunpowder  and  fireworks,  and  of  nitric  and  sul- 
phuric acids,  in  medicine,  and  in  glass-working. 

0LiLSEBiTE,  Arccmite,  Sulphate  of  potash. 

Stlvine,  Chloride  of  potassium  (SG=1*9 — 2).     Volcanic.    Native,  and  in 
blown-out  furnaces. 
Aluh.    See  Salts  of  alwmina^  §  355. 
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Salts  of  Soda, 

Soda  is  protoxide  of  sodium,  a  light  metal  (SG= 0*935)  re- 
sembling potassium,  but  more  fusible. 

327.  EocK  SAiiT,  Muriate  of  soda,  or  Chloride  of  sodium  (Octa- 
hedral, H=2,  SG=2*257).  Occurs  in  cubes  and  derived  forms, 
also  in  masses  more  or  less  laminated,  and  associated  with  gypsum, 
q;nd  in  fibrous  masses.  It  is  a  chloride  of  sodium,  generally  with 
some  impurities.  It  is  soluble  in  nearly  three  times  its  weight  of 
water  and  decrepitates  on  charcoal.  Colour  of  crystals  when  pure, 
white,  grejdsh,  rose-red,  yellow,  and  amethystine.  Sometimes 
massive. 

Very  abundant  in  certain  districts :  it  occurs  in  thick  beds  and 
masses  in  the  New  red  sandstone  of  Cheshire  in  England,  at 
Cardova  in  Spain,  "Wieliczka  in  Poland,  HaUein  in  Salzburg,  Bex 
in  Switzerland,  and  in  various  places  in  Hungary.  Remarkably 
fine  specimens  in  large  quantities  have  been  found  in  the  island  of 
Santo  Domingo. 

NiTEATiNE,  Nitrate  of  soda  (Hexagonal,  isomorphous  with  Dolomite,  H= 
1'5 — 2,  SO- =2*1 — 2*2).  Translucent.  Abundant  in  Peru.  Used  in  the  manu- 
h/dvore  of  aquafortis. 

Natbok,  Carbonate  of  soda  (Monoclinic,  H = 1 — 1*6,  SQ^ = 1*4 — 1-5) .  Abun- 
dant. Efflorescent  in  Hungary  and  Bohemia.  In  solution  in  Egypt,  and  in 
several  volcanic  districts.  Used  in  the  manufactiire  of  soap,  in  smelting  sHver, 
in  dyeing  and  bleaching,  and  for  medicine.  Thermonatrite  is  a  carbonate  derived 
firom  the  efflorescence  of  natron. 

Tbona,  Uroto^  Hydrous  sesquicarbonate  of  soda  (Monoclinic,  Hs2'5 — 3,  SQ- 
=21— 2-2). 

Gat-Lussite,  Hydrous  bicarbonate  of  soda  and  lime  (Monoclinic,  H=2*5, 
Sa= 1-9— 1-95). 

G-LAIJBEB-SALTS,  MiroMlUey  JBlcsditey  Mussite,  Hydrous  sulphate  of  soda 
(Monoclinic,  H=l-5 — 2,  SO- =1*4 — 1*5).  Used  in  medicine.  Chromate  of 
soda  is  isomorphous. 

Thenabdite,  Anhydrous  sulphate  of  soda. 

G-LATJBEBITE,  Srofiffnortine,  Pohfhalite  ?    Sulphate  of  soda  and  lime. 

Mabtinsite,  Chloride  of  sodium  and  sulphate  of  magnesia. 

328.  Borax,  Tincal,  Hydrous  borate  of  soda  (Monoclinic,  H 
=2 — 2*5,  S(3h= 1-716).  In  white  transparent  crystals  with  glassy- 
lustre.  Taste,  sweetish  alkaHne;  swells  and  becomes  opake 
white  before  the  blowpipe,  and  fuses.  Is  soluble  in  twelve  tmies 
its  weight  of  cold,  and  six  times  its  weight  of  hot  water.  Formerly 
obtained  chiefly  from  Thibet,  but  now  from  Tuscany.  Used  as  a 
flux  in  yarious  metallurgical  operations,  in  soldering,  and  in  the 
manufacture  of  ir^tatiye  gems. 

SASBOLnrE,  Native  boracic  acid  (boradc  acid  56*38,  water  43*62),  is  found 
near  hot  springs  in  Tuscany, 
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CLASS  THE  THIED. 

ALKALINE  EARTHS  AND  EARTHS. 

All  the  minerals  of  this  class  are  stony;  when  pure  they 
are  colourless,  or  milk-white.  Usually  (with  the  exception  of 
Corundum)  not  hard  enough  to  scratch  glass.  Specific  gravity, 
except  in  the  case  of  Tunsgate  of  lime,  between  2*5  and  4*6; 
generally  infusible  before  the  blowpipe. 

Salts  of  Baryta. 

Baryta  is  an  oxide  of  Barium.  Barium  is  a  silver-white  ductile 
metal  with  somewhat  less  lustre  than  cast  iron.     SQ-=4. 

329.  WiTHEEiTE,  Barolite,  Carbonate  of  Baryta  (Prismatic, 
H=3 — 3*5,  SG=4*3).  Eemarkable  for  its  high  specific  gravity ; 
occurs  generally  in  six-sided  prisms,  or  modified  rhombic  prisms, 
very  imperfectly  cleavable ;  and  also  in  globular  and  botryoidal 
masses,  showing  prismatic  structure.  Brittle.  Decrepitates 
before  the  blowpipe,  fusing  easily  to  a  transparent  globule,  which 
becomes  opake  on  cooling*  Effervesces  in  nitric  acid.  Abun- 
dant at  Alston  Moor  in  Cumberland,  and  Anglezark  in  Lancashire, 
and  also  in  Styria.  Used  to  obtain  the  salts  of  baryta,  much  used 
in  chemical  analysis,  and  also  in  pyrotechny,  and  in  the  manu- 
facture of  colour  for  artists.  Poisonous.  Sulphato-ca/i'honate  of 
baryta  is  a  variety  containing  sulphate  of  barytes. 

B ABYTO-CALOITE,  AlttofUte,  BromlUe^  Carbonate  of  lime  and  baryta. 

330.  Heayt-spae,  Sepatite,  Bologna  ^or^  Sulphate  of  Baryta 
(Prismatic,  H=3 — 3*5,  SG=4-3 — 4*7).  This  mineral  is  presented 
in  various  forms,  viz.  crystalline,  fibrous,  saccharoid,  compact,  and 
earthy.  Its  high  specific  gravity  distinguishes  it  from  most  mine- 
rals. Some  varieties  are  fetid  when  rubbed,  others  phosphores- 
cent when  heated.  It  decrepitates  before  the  blowpipe,  and  fuses 
with  difficulty.  It  does  not  effervesce  with  acids,  and  exhibits 
no  metallic  reactions  before  the  blowpipe ;  colour  white,  inclining 
to  yellow,  grey,  blue,  red,  or  brown ;  streak  white.  It  is  generally 
associated  with  ores  of  metals,  especially  lead.  It  is  used  instead 
of  white  lead,  either  openly,  or  in  adulterating  the  latter  mineral, 
but  mixed  with  white  lead  it  forms  the  pigments  called  Venice 
white,  Harnbv/rg  white,  a/nd  Dutch  white,  according  to  the  propor- 
tions. Bologna  spar  is  highly  phosphorescent  after  calcination. 
Allomorphite  is  identical ;  Cawk  is  a  massive  variety. 

Dbeelite,  Sulphate  of  baryta  and  lime. 

Salts  of  Strontia, 

Strontia  is  oxide  of  strontium,  a  metal  greatly  resembling  barium, 
but  less  fusible  and  with  even  less  lustre. 
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331.  Stbontlajtite,  Carbonate  of  strontia  (Prismatic,  H=3*6, 
SG^3*6 — 3*8),  occurs  in  modified  rhombic  prisms,  with  neariy 
perfect  cleavage ;  also  in  fibrous  and  granular  masses,  sometimes 
globular,  with  internal  radiated  structure.  Colour  usually  light 
green,  white,  grey,  and  yellowish-brown ;  brittle,  transparent,  or 
translucent ;  vitreous  lustre.  Euses  before  the  blowpipe,  tinging  the 
flame  red.  Found  with  galena  at  Strontian,  in  Argyleshire,  N.B., 
whence  the  name.  Used  in  the  preparation  of  nitrate  of  strontia, 
which  is  extensively  employed  in  giving  a  red  colour  to  fireworks. 
Emmonite  and  Stronmite  are  varieties ;  the  latter  is  sometimes 
called  Ba/rystrontiamte. 

332.  Celestiite,  Sulphate  of  strontia  (Ehombohedral,  11=3 
7— 3*5,  SGI-=3'9 — 4j).  Crystallized  in  modified  rhombic  prisms, 
sometimes  flattened,  often  long  and  slender,  with  distinct  cleavage. 
Also  massive,  laminated,  columnar  and  fibrous — ^rarely  granular. 
Transparent  or  translucent ;  colour  blue  or  white ;  lustre  pearly 
or  vitreous.  Phosphorescent  when  heated.  Yery  brittle.  Found 
abundantly  in  Sicuy  with  Sulphur  and  Gypsum,  and  fi^quently 
mixed  with  sulphates  of  Hme  and  baryta,  forming  Calcareo-sul- 
phate  of  strontia^  Ba/ryto-sulphate  of  strontia,  Calcite  and  Natro- 
caldte,    Ba/rytO'Celestme  is  a  variety. 

Salts  of  Lime , 

333.  Lime  is  oxide  of  calcium,  a  silver- white  metal,  solid  at 
ordinary  temperatures  but  oxidizing  rapidly  in  the  air,  and  not 
hitherto  applied  to  any  useful  purposes.  Lime  is  soluble  in  water, 
and  has  an  alkaline  taste.  It  is  one  of  the  most  refractory  bodies 
in  nature,  but  emits  a  splendid  red  light  in  the  flame  of  the  oxyhy- 
drogen  blowpipe.     It  is  white,  soft,  and  easily  reduced  to  powder. 

334.  Calc-spae,  Carbonate  of  lime  (Hexagonal,  H=3,  SQ-=2*5 
— ^2*8).  This  very  important  mineral,  remarkable  for  the  varieties 
of  form  in  which  it  is  presented,  may  be  best  described  under  the 
following  subdivisions,  all  of  which  have  the  same  chemical  com- 
position when  pure,  although  they  are  greatly  modified  in  appear- 
ance. All  effervesce  freely  with  the  mineral  acids,  and  all  under 
the  blowpipe  are  reduced  to  quick-Hme.  AU  are  easily  scratched 
with  a  common  knife.  Calc-spar  is  one  of  the  two  dimorphic 
forms  of  Carbonate  of  lime ;  the  other  form  is  called  Airagonite, 
and  will  be  described  separately. 

1.  CrystaUine  carbonate  of  lime. 

2.  Pibrous  ditto. 

3.  Saccharoid  ditto. 

4.  Compact  ditto. 

5.  Earthy  ditto.  * 

335.  CJbtstallhtb  VAEIBTIES. — Iceland  spar  includes  the  most  perfect  and 
distinct  crystals,  and  these  are  transparent,  with  vitreous  lustre,  doubly  refrac- 
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tiye  in  a  high  degree,  and  generally  rhombohedrons.  Calc-spar,  or  Calcite^  is 
a  name  given  to  similar  crystals  when  opake  j  they  are  often  white  or  pinkish. 
One  variety  of  the  fundamental  rhombohedron  is  called  Nail-head  spar,  and  a 
common  dodecahedron  is  Dog-tooth  spar.  Many  other  forms  also  occur.  The 
vast  variety  of  forms  into  which  this  mineral  passes,  renders  it  difficult  to 
describe,  at  least  in  crystallography,  but  in  other  respects  it  is  very  easily  recog- 
nized. The  cleavage  is  perfect,  and  all  varieties  are  brittle.  The  ciy  stats  some- 
times  attain  gigantic  dimensions. 

Argentine  is  a  white  laminated  limestone  containing  a  small  portion  of  silica, 
and  Nacreous  carbonate  of  lime,  Madreporitey  Schiefer  or  slate-spar,  and 
Aphrite,  Schaum-erde,  or  JEarth-foam  belong  to  the  group  which  we  are  now 
considering.  Plwnbo-calcite  is  a  calc-spar  containing  a  certain  per-centage  of 
carbonate  of  lead.  Fontaiitebleau  sandstone  is  an  impure  pseudomorphous 
variety  of  carbonate  of  lime. 

Fibrous  Vabieties. — Of  these,  Scttin-spar  is  the  most  common,  and  spe- 
cimens of  it,  worked  by  the  Egyptians,  are  sometimes,  but  improperly,  called 
Alabaster.  The  fibrous  varieties  chiefly  occur  in  veins  traversing  rocks  of  dif- 
ferent kinds,  but  are  also  presented  in  the  well-known  Stalactites  and  Stalag- 
mites,  concretions  found  in  caverns  in  limestone  rocks. 

336.  Mabblss. — ^Under  this  head  are  included  all  the  semi-transparent,  semi- 
crystalline,  or  crystalline  forms  of  carbonates  of  lime  to  which  the  name  marble 
is  applied.  The  finest  kinds  for  statuary  purposes,  from  Carrara,  are  of  a  pure 
white,  and  from  Paros,  of  a  waxy  cream  colour ;  others  are  mixed  with  various 
metallic  oxides,  occurring  in  veins,  and  producing  clouded  and  coloured^arieties, 
used  for  various  ornamental  purposes.  Oiallo-antico  is  yellow  and  mixed  with 
a  small  proportion  of  hydrate  of  iron;  Sosso-antico,  a  deep  blood-red;  Mandelato, 
a  light  red ;  and  Verd-wntique,  a  cloudy  green  variety  mixed  with  serpentine. 
dpolino  is  a  mixture  of  talcose  schist  with  white  saocharoidal  marble.  The 
Black-marble  of  Derbyshire  presents  a  combination  of  carbonate  of  lime  and 
bitumen,  and  like  some  of  the  other  marbles  of  that  part  of  England,  made  up 
entirely  of  coralline  or  encnnital  remains  or  shells,  belongs  rather  to  the  next 
group. 

337.  Compact  Vabieties. — ^The  carbonates  of  lime  of  this  group  are  ex- 
tremely abundant  in  quantity,  and  present  very  great  modifications.  They 
form  thick  deposits  of  various  geological  dates ;  are  presented  in  association 
with  various  proportions  of  argillaceous  earth,  of  silex,  of  oxide  of  iron,  and  of 
carbon ;  are  of  various  colours  and  various  degrees  of  hardness,  and  exhibit 
great  varieties  of  texture.    The  following  are  important  varieties : — 

1.  HydraMUc-limestone,  the  per-centage  of  argillaceous  earth  vaiying  from 
7  or  8  to  as  much  as  30  per  cent.,  difierent  per-centages  being  used  for  the  various 
purposes  for  which  hydraulic  cements  are  required. 

2.  Cement-stone, — ^A  name  given  to  compounds  where  the  proportion  of 
argillaceous  earth  is  still  greater  than  in  the  former  case.  Thus  the  stones  from 
wMch  Koman  cement  is  made  in  England  contain  36  per  cent,  of  clay  and  8*60 
per  cent,  of  oxide  of  iron.  They  are  at  once  recognized  by  the  argillaceous 
odour  they  emit  when  breathed  on.  They  frequently  form  lumps  or  nodules  in 
clay,  and  are  called  Septaria  or  Ludi  Hehnontii.  Stinkstone,  or  Anthraconite, 
is  a  bituminous  variety,  giving  off  a  fetid  odour  when  struck. 

3.  Oolite  is  a  small-grained,  and  Pisolite  a  large-grained,  compact  stone, 
formed  of  carbonate  of  lime,  and  consisting  of  concentric  layers  collected  round 
a  central  noint,  usually  organic,  and  cemented  by  a  calcareous  cement. 

4.  Lvmachelle,  or  Fire-marble,  is  a  dark  brown  variety  having  brilliant 
chatoyant  reflexions. 

6.  XJncrystalline,  or  rather  semi-crystalline  marbles,  of  which  there  are  many 
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kinds,  form  another  group,  some  of  uniform  texture  and  of  various  colours,  others 
veined,  others  more  or  less  fossiliferous.  The  Furbeck  and  Petworth  marhleSf 
Forest-marble,  &c.,  are  English  examples. 

338.  Eabtht  Vabieties. — Of  these  there  are  also  several.  Chaik  is,  per- 
haps, the  most  abundant,  and  consists  of  nearly  pure  carbonate  of  lime  in  a 
peculiar  mechanical  condition.  Mock-milk,  Agcuric-mineral,  or  Movwtain-milk, 
resembles  chalk,  but  is  still  more  earthy.  Calcareous  tufa,  and  the  Calcaire 
grossier  of  Paris,  are  other  examples.  Marl  is  an  earthy  carbonate  of  lime 
with  a  large  per-centage  (40  to  50  per  cent.)  of  clay.  Stalactites  and  Stalag- 
mites, the  incrustations  found  in  caverns,  are  also  sometimes  earthy.  A  large 
number  of  limestones  must  be  regarded  as  rocks  rather  than  simple  minerals, 
and  will  be  described  in  a  ftiture  chapter. 

339.  AEEAGOiniTE,  JPrismatic  carbonate  of  lime,  IgVnte,  Flos- 
fern  (Prismatic,  H=3'5 — 4j,  SG=2*93).  A  remarkable  dimor- 
phic form  of  carbonate  of  lime,  crystallizing  often  in  hexagonal 
prisms  or  stellated  forms,  and  appearing  in  fibrous  seams  and  in 
globular  coralloid  masses.  Its  colour  is  white,  with  tints  of  grey, 
yellow,  green,  and  violet.  It  is  transparent  or  translucent.  Found 
associated  with  gypsum  and  iron  ore  beds.  It  is  not  employed  for 
any  purpose  in  the  arts. 

3^.  Dolomite,  JPearUspar^  Miemite,  Bitter-spa/r,  Garojian, 
Tha/ra/ndite,  Broum-spar,  BJuymb-spar  (Hexagonal,  H=3*5---4*5, 
SGI-=2'8 — 2*95).  A  compound  of  carbonate  of  magnesia  with 
carbonate  of  lime  {CaC^-^MgC^  ;  infusible  before  the  blowpipe ; 
eifervescLQg  slowly  with  acids ;  colour  generally  yellowish  or  creamy; 
lustre  pearly;  brittle;  translucent.  It  bums  to  lime  like  common 
limestone,  and  makes  a  stronger  cement.  It  is  used  in  the  manu- 
facture of  Epsom  salts.  As  Magnesian  limestone  it  forms  extensive 
and  widely  spread  deposits  in  various  districts,  some  of  them  pro- 
ducing excellent  building  material. 

The  Blue-Umestone,  or  Blue  Lava  of  Vesuvius,  is  really  a  dolomite,  and 
belongs  therefore  to  this  group.     Predazzite  is,  probably,  a  variety. 

341.  Fluob-spae,  Chlorophane,  Fluate  of  lime  (Octahedral, 
11=4,  Q-=3*l — 3*2.)  Called  by  miners  Blue  John,  Generally 
found  in  tolerably  perfect  cubes,  or  compact.  Transparent  or 
translucent,  exhibiting  much  variety  of  colour,  generally  shades  of 
yellow,  blue,  or  green.  Many  varieties  are  phosphorescent  when 
heated.  Used  for  ornamental  purposes,  and  in  the  manufacture 
of  fluoric  acid.  It  abounds  in  the  lead-mines  of  Derbyshire,  Corn- 
wall, and  elsewhere.  Baiofkite  is  fluor-spar  with  sulphate  of  baryta. 

342.  Gtpstjm,  Alabaster,  Selenite,  Hydrous  sulphate  of  lime 
(Monoclinic,  H=l-5— 2,  SG=:2-264— 2*35).  Like  carbonate  of 
Ume  and  dolomite,  this  mineral,  which  is  very  abundant,  presents 
itself  in  several  forms,  being  found  crystalline  or  lamellar,  fibrous, 
saccharoid,  and  compact,  it  consists  of  Oa/^a-f  2 Aq.  The  plates, 
of  which  laminated  varieties  are  formed,  bend  in  one  direction, 
but  are  brittle  in  another.     It  is  eminently  foliated  in  one  direc- 
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tion.  It  parts  with  its  water,  and  is  whitened,  on  calcination, 
becoming,  when  ground.  Plaster  of  Paris,  a  substance  which  is 
well  known,  and  which  becomes  solid  on  admixture  with  a  certain 
quantity  of  water. 

The  more  remarkable  varieties  are  Alabaster  or  snowy  gypsum, 
Fihrous  or  Plwmose  gypsum,  and  radiated  gypsum.  When  crystal- 
line, gypsum  is  often  quite  transparent,  and  is  generally  colourless, 
or  lightly  tinted.  It  shows  no  action  with  acids.  Used,  as  above 
mentioned,  in  the  manufacture  of  Plaster  of  Paris,  and  also  for 
various  ornamental  purposes,  chiefly  as  Alabaster.  Employed  also 
(when  burnt  and  subsequently  prepared)  to  make  plasters  and 
cements  of  very  common  use  in  the  arts. 

PoLYHAUTE  is  a  hydrous  sulphate  of  lime,  magnesia,  and  potash. 

343.  Anhtdeite,  Karstenite,  Muriaeite,  Vulpvnite,  Anhydrous 
sulphate  of  lime  (Prismatic,  H=3 — 3-6,  SG=s2-8 — 3).  The  name 
Anhydrite  is  given  to  crystalline  anhydrous  sulphate  of  lime,  and 
Vulpinite  to  a  mixture  of  the  same  salt  with  a  little  silex.  The 
latter  mineral  takes  a  high  polish,  and  is  used  for  ornamental  pur- 
poses, being  harder  than  the  other  varieties.  Anhydrite  is  gene- 
rally somewhat  harder  than  statuary  marble,  and  presents  no 
whitening  or  exfoliation  before  the  blowpipe. 

344.  Apatite,  Phosphorite,  Asparagus  Stone,  Moroxite  (Hexa- 
gonal, H=5,  SG=3*166 — 3-285).  Phosphate  of  lime  with  chloride 
or  fluoride  of  calcium.  Occurs  generally  crystalline.  Soluble  in 
nitric  acid ;  fusible  with  difficulty.  Its  powder  is  phosphorescent. 
It  is  found  in  various  districts  in  a  granular,  compact,  concre- 
tionary, or  earthy  form,  and  frequently  in  old  rocks.  It  has  been 
attempted,  but  not  successfully,  to  make  use  of  the  Phosphorite  of 
Estremadura  (where  it  is  very  abundant)  for  agricultural  purposes. 
It  is  also  abundant  in  the  state  of  New  York,  U.S.  The  pure 
varieties  contain  about  81  per  cent,  phosphate  of  lime,  and  14  of 
fluoride  of  calcium,  with  a  httle  iron. 

345.  The  following  arseniates,  and  other  salts  of  lime,  are  of 
little  general  interest. 

Fhabmacoutb,  Hydrous  arseniate  of  lime.  Saidingerite  is  a  Tariety  con- 
taining a  larger  per-ceutage  of  water,  and  PicropharmacolUe,  a  supposed  sub- 
arseniate,  containmg  magnesia.  Both  are  referred,  by  Dufr^oy,  to  this  species ; 
Itoselite  is,  probably,  another  variety  with  cobalt  (§  458). 

Bebzeuite,  K'ulimte,  Anhydrous  sub-arseniate  of  lime  and  magnesia,  with  a 
little  protoxide  of  manganese. 

BoMEiNE,  Antimonite  of  lime. 

Pebowseite,  Titanate  of  lime. 

Ptbochlobe,  Titanate  of  lime,  uranium,  cerium  and  iron. 

SCHEELITE,  White  v3olfram.  White  tungsten,  Tungstate  of  lime.  Chiefly 
found  in  tin  mines,  in  crystals,  or  massive. 

NiTBATE  OP  LIME. 
MUBIATE  OF  LIME. 
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Hayesine,  Hydrous  borate  of  lime. 
Gteolite,  Cfwrolite^  Hydrous  silicate  of  lime. 
Whewbllite,  Hydrous  oxalate  of  lime. 

Salts  of  Magnesia, 

346.  Magnesia  is  an  oxide  of  magnesium.  Magnesium  is  a 
metalloid  less  abundant  than  calcium;  crystallizing  in  octahedrons; 
silver- white  with  high  lustre ;  very  ductile  and  capable  of  being 
beaten  into  thin  leaves ;  hard  but  yielding  to  the  hammer  and  the 
file ;  fusing  at  a  gentle  heat ;  coated  with  oxide  when  exposed  in 
moist  air ;  burning  with  many  sparks  and  vivid  Hght, 

Pebiclase,  Native  magnesia. 
Bbucite,  Hydrate  of  magnesia. 
Nemalite,  Hydrous  carbonate  of  magnesia. 
Bbefnnebite,  Carbonate  of  magnesia. 

347.  Magnesite,  or  Meerschavm  (H=2 — 2*5,  SG=0-8 — 10), 
is  an  earthy  and  siliceous  carbonate  of  magnesia,  often  confounded 
with  the  true  carbonate,  which  is  much  more  rare.  It  resembles 
chalk,  but  is  harsher.  It  gives  off  water  on  calcination,  and  does 
not  effervesce  with  acids  when  pure. 

Aphrodite,  Dermatine,  and  Quincite,  are  varieties ;  the  first-named  nearly 
pure,  but  much  heavier  than  magnesite  (SO- =2*21)  j  the  second  containing  iron 
and  manganese,  and  the  last  a  large  per-centage  of  silica.  The  mineral  is  used 
in  the  manufacture  of  pipes,  and  obtained  chi^y  firom  the  Crimea  and  from  near 
Konie,  in  Natolia.  The  name  Magnesite  is  sometimes  given  to  a  compact  and 
pure  carbonate,  whose  specific  gravity  is  2'85 — ^2*95. 

BoBACiTE,  Shodizite,  Borate  of  magnesia. 

Htdbobobacite,  Hydrous  borate  of  magnesia  with  lime. 

WAaKEBiTE,  Phosphate  of  magnesia. 

348.  Epsom  salts,  Mpsomite,  Sulphate  of  magnesia  (Prismatic, 
H=2 — 2*5,  SG=l-7 — 18).  Found  occasionally  in  caverns  and 
in  mineral  springs.  Used  in  medicine.  Obtained  artificially  from 
dolomite.    Astrahanite  and  Beussm  are  varieties. 

NiTEATE  OP  Magnesia. 

MUBIATE  OP  MAaKESIA. 

Baits  of  Yttria, 

349.  The  following  are  of  little  importance.  They  contain,  besides  yttria, 
other  rare  earths  and  metals,  especially  ceriimi,  zirconium,  uranium,  knthanium, 
tantalum,  &c.  See  §  403.  Yttrium  is  a  metalloid,  very  rare,  and  whose  pro- 
perties have  scarcely  been  determined. 

Phosphate  op  tttbia,  Xenotime,  Thorite, 

Tttbocebite,  Fluate  of  yttria,  with  cerium,  and  calcium. 

Yttbotantalitb,  Black,  yellow,  and  brown  varieties,  consisting  of  compound 
Tantalates  of  yttria  and  lime  with  uranium,  and,  in  some  cases,  cerium  and  Ian- 
thanium,  combined  also  with  Tungstates  of  iron,  uranium,  &g«  Suxinite  is 
identified  with  the  brown  Yttrotantalate. 

Feegtjsonite,  Tantalate  of  yttria  and  zirconium. 

G-ADOLINITE,  Silicate  of  yttna,  cerium  and  iron,  with  gludna. 
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Salts  of  Alumina, 

350.  Alumina  is  an  oxide  of  Aluminium  (Al^  0^.  Aluminium 
is,  next  to  Silicium,  the  most  abundant  of  the  light  metals.  It  is 
obtained  in  the  metallic  state,  though  not  without  difficulty.  It  is 
then  hard,  ductile,  of  brilliant  silver- white  colour,  and  brilHant  me- 
tallic lustre,  and  scarcely  changes  on  exposure  to  the  air.  It  dis- 
solves in  alkaline  solutions,  but  is  not  affected  by  cold  acids.  The 
manufacture  has  been  attempted  lately  with  a  view  to  economic  uses. 

351.  CoBriTDrM  (Hexagonal,  isomorphous  with  peroxide  of  iron 
and  chrome,  Al^  O3,  H=9,  SG=3*9 — 4i'16).  The  minerals  col- 
lected together  under  this  name,  and  consisting  essentially  of  pure 
crystalline  alumina  coloured  by  iron  or  other  metallic  oxides,  differ 
enormously  in  colour,  appearance,  and  value.  There  are  two  prin- 
cipal groups,  one  crystalline  and  the  other  granular;  each  of  which 
requires  some  notice.  All  specimens  agree  in  possessing  extreme 
hardness,  inferior  only  to  the  diamond,  and  this  gives  great  value  to 
the  granular  varieties,  which  would  otherwise  be  worthless.  The 
specific  gravity  is  high.  All  are  infusible  under  the  blowpipe,  and 
totally  unchanged  by  acids.  The  different  varieties  that  have  been 
analysed  give  from  84  to  98  per  cent,  of  alumina,  with  a  variable 
proportion  of  oxide  of  iron  and  silica. 

1.  Cbtstallinb  Vabibties. — ^These  are  generally  transparent,  and  coloured 
blue  or  red;  the  former  most  frequently;  the  colour  is  often  confined  to  the 
edges  of  the  crystal.  The  crystaUlnp  usually  form  six-sided  prisms,  but  often 
not  traceable.  The  fine  azure  or  indigo-blue  varieties  are  call^  Sa^pphire  j  the 
red,  Oriental  ruby  ;  the  yeUow,  Oriental  topaz  j  the  green,  Oriendal  emerald ; 
and  the  violet,  Oriental  amethyst.  Of  these,  the  ruby  is  the  most  valuable,  and 
fine  stones  often  exceed  the  diamond  in  value.  The  best  crystalline  corundums 
are  obtained  from  the  kingdom  of  Ava  and  from  Ceylon.  The  largest  known 
ruby  is  in  the  crown  of  Bussia.  Imperfect  opake  laminated  masses  exhibitiug 
distinct  cleavage  are  found  in  Ceylon  and  elsewhere,  and  have  been  called 
Compact  corundum.  Corundum  is  the  name  given,  generally,  to  rough,  opake, 
dull  masses. 

2.  Q-EANULAB  Vabieties. — Thcsc  are  better  known  by  the  name  of  Emery, 
They  are  impure,  and  occur  in  boulders,  or  nodules,  in  gneissoid,  mica-slate,  or 
talcose  rock,  and  even  in  granular  hmestone,  associated  with  oxide  of  iron.  The 
colour  is  smoke-grey  or  bkdsh-grey  j  fracture  imperfect.  The  use  of  this  mineral 
is  chiefly  confined  to  cutting  and  polishing  gems  and  other  very  hard  substances. 
The  best  kinds  are  those  having  a  blue  tint;  but  many  substances  are  sold  under 
the  name  of  emery  which  contain  no  corundum.  Emery  is  chiefly  brought  from 
Naxos,  Smyrna,  and  other  Q-reek  islands,  and  from  Spaiu,  Saxony,  G^reenland, 
and  the  East  Indies. 

352.  "We  have  next  a  small  group  of  Hydrates  of  alumina  of 
little  importance. 

GiBBSiTE,  a  Hydrate  of  alumina  {Al-\'A.({,  H=3 — 3*5,  SG=2-4).  Earthy, 
greenish  colour,  and  resembles  chalcedony.     Contains  alumina  64*8,  water  35*7. 

Hydbabgylite,  another  Hydrate  of  cuumina,  probably  containing  two  parts 
of  alumina  to  one  of  water  {^Al-\-Aq).     Claussenite  is  a  variety. 
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DiABPOBE,  a  third  Hydrate  of  alumina  (3-4Z4- Aq) .  A  variety  of  this  mineral 
from  Chemnitz  exhibits  dichroiBm. 

353.  Wavellite,  Hydrous  phosphate  of  alumina,  probably  with 
fluate  of  alumina  (Hexagonal,  H=3-5 — 4i,  SGr= 2-33— 2*37).  A 
fibrous,  pale-green,  or  yellowish  mineral,  usually  in  small  hemi- 
spheres, attached  to  fissures  in  aluminous  rocks.  Translucent. 
Common  at  Barnstaple  in  Devonshire.  Of  no  value.  Mscherite 
and  Peganite  from  the  Ural  are,  perhaps,  distinct,  but  may  for  the 
present  be  included  either  with  Wavellite  or  Turquoise.  A  sup- 
posed Plvmbiferous  phosphate  of  alwnina  has  been  described,  and 
also  a  mineral  called  Childrenite,  containing  phosphoric  acid,  alu- 
mina, iron,  and  water. 

Hebdebite  is  a  phosphate  of  alumina  (anhydrous)  with  phosphate  of  lime 
and  hydrofluoric  add.     It  closely  resembles  asparagus  stone. 
Ambligonite,  Phosphate  of  alumina  and  lithia. 
Lazulite,  Klaprothriney  Double  phosphate  of  alumina  and  magnesia. 

354.  TuBQUoiSE,  Calaite,  Agaphite,  Johnite,  Phosphate  of 
alumina  with  copper  and  iron  (H=6,  SG=2'62 — 3).  A  well- 
known  mineral,  used  for  ornamental  purposes,  having  a  bluish- 
green  colour,  nearly  opake,  and  of  somewhat  waxy  lustre.  Hard- 
ness a  little  greater  than  Apatite.  The  blue  colour  is  lost  by  the 
action  of  muriatic  acid.  The  considerable  value  of  this  amorphous 
gem  has  induced  imitations,  which  are  now  very  common,  but  they 
are  generally  much  softer  than  the  true  mineral.     Variscite\^  also 

a  phosphate  of  alumina,  of  a  green  colour. 

Fluelite,  Fluoride  of  aluminium. 

Cbyolite,  Ice-stone,  is  a  Fluoride  of  aluminium  and  sodium,  and  CMolite  is 
nearly  allied.  The  former  has  been  found  abundantly  in  G^reenland,  and  ap- 
pears likely  to  be  useful  in  manufacturing  the  metal  aluminium. 

355.  We  have  now  a  small  group  of  Sulphates  of  alumina  of 
some  interest. 

FeatheB'ALUM,  Halotrichite^  Hydrous  sulphate  of  alumina,  common  in 
solfataras,  in  mines,  and  generally  where  argillaceous  rocks  are  exposed  to  the 
action  of  decomposing  sulphurets. 

Webstebite,  Ahindnite,  Hydrous  subsulphate  of  alumina,  found  in  com- 
pact reniform  masses  and  beds,  at  Halle  in  Saxony,  and  Newhaven  in  Sussex. 
Of  white  colour  and  earthy  appearance. 

Alum  -  stone,  Ahmite,  Hydrous  subsulphate  of  alumina  and 
potash  (Hexagonal,  H=3-5— 4,  Sa=2-6— 2-8).  Abundant  at 
Tolfa  near  Bome,  in  Hungary,  and  elsewhere,  and  much  used  for- 
merly in  the  manufacture  of  common  alum,  to  which  it  very  closely 
approximates.  Found  in  crystals  vnth  perfect  cleavage,  and  also 
massive.     Pearly;    translucent.      Alum  is  chiefly  obtained  now 

from  the  decomposition  of  certain  shales. 

Native  Alum. — ^This  is  also  a  hydrous  subsulphate  of  alumina  and  potash, 
t))e  proportion  of  water  being  larger  than  in  alum-stone.  Ammonic^alum, 
Soda-alum,  Magnesia-ahim,  Iron-alum  and  Manganese-alam,  are  isomorphic* 
varieties,  in  which  ammonia,  soda,  magnesia,  iron,  or  manganese  replace  the 
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potash.    The  minerals  called  Bavyte^  Pissophcme^  OcvmsdorffUe^  and  Picker- 
ingite^  are  varieties  of  the  same  kind. 

The  three  minerab,  alum,  alum-stone,  and  aluminite  are  often  confounded. 
The  following  analyses  of  them  may,  therefore,  be  useful : — 

Alum.  Alum-stoiie.  Aluminite. 

Alumina 10-8            81-8  29*8 

Potass 101  6-8 

Sulphuric  acid    83-7            27*0  23'3 

Water 45*4           88*7  467 

1000  983  99-8 

Mellite,  Hydrous  mellite  of  alumina,  is  a  resinous  substance  found  on  bitu- 
minous wo<>d  in  Thuringia^  and  sometimes  regarded  as  a  resin.  It  is  probably 
of  organic  origin,  or  at  least  derived  from  organic  sources. 


CLASS  THE  FOUETH. 
SILICATES  AND  ALUMINATES. 

356.  The  minerals  of  this  class  are  stony.  Their  specific  gravity- 
ranges  from  2*5  to  4,  rarely  approaching  the  latter.  They  are 
generally  crystalline,  and  rarely  quite  amorphous,  except,  indeed, 
in  the  case  of  the  hydro-silicates  of  alumina.  They  form  several  di- 
stinct groups,  some  hydrous  and  others  anhydrous.  Some  of  them 
are  of  great  use  in  the  arts,  either  massive,  as  the  varieties  of  clay, 
or  crystalline,  for  ornamental  purposes,  and  in  jewellery. 

I.  Anhydrous  Simple  Alumin<ms  Silicates, 

357.  Ctaitite,  Disthene,  Sapparite  (Monoclinic,  H=5 — 7, 
SG=3*56 — 3*7),  Silicate  of  alumina  (Silica,  36*67;  alumina, 
63'11;  protox.  iron,  1*19).  It  is  an  abundant  mineral.  Usually 
found  in  long  thin-bladed  crystals,  of  light  blue  colour  and  pearly 
lustre,  with  distinct  lateral  cleavage ;  rather  brittle,  infusible,  and 
without  a  flux,  only  losing  its  colour  before  the  blowpipe.  White 
varieties  are  caUed  HJuetizite,  and  fibrous  specimens  Mhrolite, 
Bticholzite  is  an  analogous  mineral,  also  fibrous.  Sillimmite  is  a 
variety  occurring  in  rhombic  prisms,  with  brilliant  and  easy  cleavage. 
Wbrthite  resembles  Cyanite,  but  contains  water. 

Andaltjsitb  (Hexagonal,  H«=7 — 7*5,  SO- =3*1 — 3*3).  A  silicate  of  alu- 
nfiina  and  probably  a  form  of  Cyanite,  which  is  in  that  case  dimorphous.  This 
mineral  occurs  in  right  rhombic  prisms,  massive,  coarse,  columnar,  but  never 
fine-fibrous.  Colour,  flesh-red  and  grey  $  lustre,  vitreous  or  pearly ;  tough  ; 
translucent  to  opake. 

Tesselated  and  cruciform  crystals  of  Andalusite  are  common,  and  present 
several  varieties.  Steinmark  is  a  compact  variety.  Both  Cyanite  and  Andalu- 
site often  contain  iron. 

Staueolite,    ChiastoUte,   CrMs-stone,   Staurotide    (Hexagonal,    H=6-75, 
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S(3-=3'3 — 3*7),  Silicate  of  alumina  and  iron.  Colour  gw,  reddish  brown,  or 
dark  brown.  Occurs,  generally,  in  micaceous  schists  and  gneiss.  It  is  very 
abundant,  and  generally  cruciform,  two  crystals  crossing  each  other.  ChiaHolUe 
is  common  in  some  slate  rocks. 

Bahlite  (SUica  67,  alumina  41,  with  iron  and  lime),  white,  translucent. 
Found  in  Norway. 

II.  Hydrous  Simple  Aluminous  Silicates, 

Almost  all  the  minerals  included  in  this  eroup  are  badly  defined 
and  doubtful,  few  of  them  occurring  crystalline  or  with  permanent 
weU-marked  character. 

368.  Fahltjnite,  TMJclasite,  Hydrous  silicate  of  alumina  with  magnesia, 
oxide  of  iron,  and  oxide  of  manganese.  The  following  are,  also,  hydrous  silicates 
of  alumina — Fholerite,  DilMte,  Syd^ohucholzite,  Worthite^  OilberUte,  Bosite, 
Cfroppite^  and  Smelite.  They  are  generally  soft  and  earthy,  often  resembling 
days  and  magnesian  earths,  from  which  they  are,  however,  distinguishable 
by  becoming  milk-white  before  the  blowpipe,  and  refusing  to  fuse.  They  are 
none  of  them  of  any  known  use.  Some  of  them  contain  magnesia,  hme,  and 
potash  with  iron  oxide. 

359.  Clat.  Under  this  name  may  be  included  a  multitude  of 
earthy  minerals,  whose  base  is  hydrous  silicate  of  alumina,  but 
wHch  present  kdmktures  of  iron,  mfrnganese,  lime,  magnesia, 
potash  and  soda,  with  free  silica.  The  proportions  of  silica,  alu- 
mina, and  water  are  variable,  and  thus  the  different  varieties  may 
be  collected  into  groups.  They  are  all  amorphous,  and  many  of 
them  very  useful  in  various  plastic  arts.  Pure  clays  may  be  repre- 
sented by  the  formula  Al^  0\  2Si  O^ + 2Aq. 

Clays  proper.  The  clays  of  this  group  contain  onlv  from  10  to 
15  per  cent,  of  water.  They  resist  the  action  of  acids,  and  form 
into  a  tenacious  paste  with  water.  They  are  much  used  in  the  fabri- 
cation of  china  and  pottery,  and  include  several  distinct  varieties. 

1.  Kaolin  or  Porcelain^elay^  the  material  used  in  the  manufacture  of  the 
finer  kinds  of  porcelain,  and  derived  generally  from  granitic  rocks,  and  from  the 
decomposition  of  felspar.  It  is  of  loose  earthy  texture,  SG=2'21  to  2'26. 
Different  locaUties  give  clay  of  this  kind  containing  from  17^  to  47^  per  cent, 
of  silica,  15  to  4A  per  cent,  of  alumina,  6  to  16  per  cent,  of  water,  a  proportion 
varying  from  a  mere  trace  to  6  per  cent,  of  alkaline  earths,  with  traces  of  iron 
and  manganese^  and  from  less  than  1  to  more  than  12  per  cent,  of  sand  or 
free  siHca. 

2.  Flastic'clay,  or  PoUet^s-clay^  used  for  the  less  valuable  and  cheaper  kinds 
of  pottery.  The  varieties  thus  designated  are  far  more  soapy  and  plastic  than 
the  former,  absolutely  infusible  when  pure,  slightly  soluble  in  adds,  especially 
after  moderate  calcination,  and  parting  with  thsir  water  only  at  a  red  heat.  A 
specimen  from  Devonshire,  of  good  quahty,  shows  the  following  composition : 
Silica,  49*60 ;  alumina,  87*40 ;  water,  11*20. 

IMhoma/rge  is  a  variety  referable  to  this  group. 

3.  BricJc'Clay  or  loam  contains  a  Uttle  Ume,  varying  fi^m  5  to  6  per  cent., 
partly  as  carbonate  and  partly  as  sihcate.    Most  clays  of  this  kind  contain  iron. 

4.  Mao'l  is  the  name  given  to  combinations  of  clay  with  20  to  25  per  cent,  of 
carbonate  of  lime. 
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6.  Ochres.  These  a3*e  generaUj  mixtures  of  a  large  proportion  of  oxide  of 
iron  with  clay ;  they  are  sometimes  of  uniform  vdlow  or  red  tint,  and  sometimes 
variegated.     PlifUhile  is  a  ferruginous  clay,  and  so  also  is  JBole  or  Fetthole. 

6.  Bituminous  clays^  containing  a  variable  proportion  of  carbon.  Stourbridge 
cl(Mf  is  of  this  kind,  and  is  used  in  the  manufacture  of  crucibles,  and  for  other 
purposes  where  exposure  to  intense  heat  is  required. 

Hydrated  Clays.  These  contain  a  much  larger  proportion  of 
water,  and  have  in  many  cases  distinct  properties,  but  only  one  of 
them  has  any  economic  value. 

7.  FuUers-earth,  a  greenish  or  bluish  earth  containing  about  25  per  cent,  of 
water,  50  per  cent,  of  silica,  and  20  per  cent,  of  alumina.  Soft,  tenacious,  and 
falling  to  pieces  in  water;  generally  of  blue  or  green  colour,  SQ-=2'3 — 2*5. 
Fuses  into  a  greenish-grey  glass  before  the  blowpipe.  It  was  formerly  much 
used  in  the  fulling  of  cloth,  and  is  still  valuable  for  that  purpose. 

8.  Salloysite^  or  Salloi/lite,  a  whitish  opaline  mineral  becoming  transparent 
in  water,  Uke  hydrophane  (SO- =2 — 2*2).  Fusible  before  the  blowpipe, 
unctuous  and  steatitic  to  the  touch.  The  following  minerals  belong  to  this 
variety : — Tuesite,  Lenzinite,  CymoUtey  RazoumoffsJciney  Movrntain-soap^  Alumo- 
calcite. 

9.  AUophane  differs  but  little  from  Halloysite,  but  contains  generally  much 
more  water.  It  is  translucent,  like  wax.  Its  colour  is  pale  blue  and  streak 
white  (H  =  3,  SQ-=1'85 — 1'90).  It  changes  colour  and  becomes  opake  before 
the  blowpipe,  and  tinges  the  flame  green.  Occurs  reniform,  massive,  and 
sometimes  earthy.  Schrotterite,  or  Opal  Allophane,  is  a  variety.  Miloschine 
is  another  variety,  with  nearly  4  per  cent,  of  oxide  of  chrome.  . 

10.  Kollyrite  is  a  Hydrous  silicate  of  alumina,  in  which  the  proportion  of 
silica  is  extremely  small.     It  is  white  and  translucent. 

III.  Anhydrous  double  Aluminous  Silicates, 
a.  Silicates  of  Alumina  and  Lime,  and  their  Isomorphs. 

360.  Gabnet  (Octahedral,  H=6-5— 75,  SG=3-5— 4-3).  The 
large  and  interesting  group  of  minerals  collected  under  this 
name  affords  the  best  illustration  of  the  theory  of  isomorphism. 
They  present  great  differences  of  specific  gravity,  corresponding  to 
differences  of  colour,  and  great  complication  in  their  chemical 
composition,  but  their  form  remains  the  same,  and  they  may  all  be 
represented  theoretically  by  the  formula B  Si-\-hSi,B  represent- 
ing bases  which  combine  with  3  atoms  of  oxygen,  and  h  other  bases, 
combining  with  only  one.  Thus  some  as^e  AlSi+CaSi,  or  Sili- 
cate of  alumina  and  lime,  or  very  nearly  so ;  but  it  is  so  commonly 
the  case  that  instead  of  alumina  only,  there  is  alumina  and  iron, 
or  iron  only,  and  the  replacement  is  so  variable,  that  no  line  can 
be  drawn  between  this  mineral  and  a  Silicate  of  iron  and  lime 
(^FeSi-\-CaSi),  and  all  the  apparent  species,  however  strongly 
marked,  thus  pass  into  each  other.  It  is,  however,  found  convenieut 
to  collect  the  whole  series  into  four  groups,  which  are  called  respect- 
ively Chrossular,  Alma/ndine,  Mela/nite,  and  Spessa/rtine.  The  general 
crystalline  form  is  the  dodecahedron  and  its  modifications;  but 
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massive  specimens  are  common.  The  fracture  is  conchoidal,  and 
there  is  a  tolerably  distinct  cleavage  parallel  to  the  faces  of  the 
dodecahedron.  The  prevalent  colour  is  red.  Crystals  transparent 
to  opake;  lustre  vitreous;  brittle.  They  are  generally  fusible 
before  the  blowpipe. 

361.  The  following  are  the  chief  varieties : — 

G^EOSSULAE  Vaeieties. — ^These  are  silicates  of  alumina  and  lime  j  they  in- 
clude Orossularite  in  greenish  crystals ;  Essonite  or  Cinnamon-stone^  of  light 
cinnamon-yellow  colour,  and  high  lustre;  Erlan,  Wilnitey  Aplome^  a  deep 
brown  or  orange  variety ;  Somcmzovite,  Topazolite,  a  yellow  variety ;  Colopho' 
nitCy  a  coarse  granular  resinous  variety ;  and  Succinite,  also  a  granular  garnet. 

Almandine  Vaeieties. — Silicates  of  alumina  and  iron ;  violet,  red,  brown, 
or  black  colour ;  hard  j  heavier  than  the  former  group.  It  includes  the  Alman- 
dine  or  Precums  ga/mety  the  mineral  commonly  used  in  jewellery  under  the 
nanys  of  garnet  j  a  magnesian  garnet,  in  which  magnesia  replaces  the  iron ;  and 
the  Pyrope,  or  Bohemian  garnet,  also  magnesian,  but  where  a  part  of  the  alu- 
mina is  replaced  by  oxide  of  chrome.  The  following  is  an  analysis  of  precious 
garnet  firom  the  Zillerthal : — Silica,  37*55 ;  lime,  26*74  j  iron  protox.  31  35  j  man- 
ganese protox.  4*78. 

Melanite  Varieties. — In  these,  the  alumina  is  replaced  by  peroxide  of  iron, 
and  they  are,  therefore,  silicates  of  iron  and  lime.  Melanite,  Sothoffite,  Pyre- 
neite,  and  Allochroite,  are  the  principal  forms,  the  latter  still  referable  to  the 
garnets,  though  possessing  a  certain  quantity  of  free  sihca. 

Man&anesian  Vaeieties. — Spessartine  is  the  name  given  to  a  deep  red 
garnet  in  which  protoxide  of  manganese  replaces  the  lime  of  the  usual  formula, 
so  that  it  becomes  silicate  of  alumina  and  manganese.  Ouwarovite,  or  Uwaro- 
wite,  is  a  fine  emerald-coloured  form  in  which  oxide  of  chromium  replaces  the 
alumina.     Compact  garnets  of  this  kind  have  been  found. 

362.  Idocease  (Square  Prismatic,  H=6-5,  SG=3-35 — 4).  A  brown,  green, 
or  blue,  subtransparent  species,  generally  presented  in  modified  square  prisms, 
and  including  the  minerals  Vestman,  JEyeran,  CypHne  and  Fruga/rdite,  as  well 
as  Idocrase.  Protheite  is  a  variety,  and  so  also  is  Xanthite.  All  are  silicates  of 
alumina  and  lime  with  iron. 

363.  Epidote  (Monocliiiic,H=6— 7,  G=3-32— 3-5).  Another 
well-known  mineral  assuming  many  forms,  and  described  by  several 
names.  There  are  three  prominent  varieties : — ThalUte,  Zoisite,  and 
Mangcmesicm  Mpidote,  determined  chiefly  by  crystalline  structure, 
but  partly  from  the  difference  of  colour,  which  in  the  first  is  fine 
pistachio  green,  in  the  second  greenish  grey,  and  in  the  last  violet* 
The  composition  is — Silica,  33*50 ;  alumina,  15 ;  lime,  14*50 ;  iron, 
protox.  19*50;  mauganese  protox.  12*00.  They  are  represented 
generally  by  the  formula  2B Si-\-h  Si,  which  shows  their  rela- 
tions with  garnet  (see  the  description  of  that  mineral).  JPistacite, 
Bucklandite,  Thulite,  Scorza,  Vtolcme,  Withamite,  are  either  syn- 
onyms or  varieties  of  Epidote. 

MONTiCELLiTE  is  a  siUcate  of  lime  and  magnesia. 

364.  Allanite,  Orthitey  Bodenite  (H=6,  SGh=3-l — 4-2)  j  a  silicate  of  the 
protoxide  of  cerium,  limej  iron,  and  alumina,  chiefly  occurring  in  granite  in 
Greenland,  Sweden,  and  Norway.  The  chief  source  of  the  metal  Cerium,  which, 
however,  has  no  known  use.     Pyrorthite  contains  a  large  quantity  of  water,  and 
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ia  supposed  to  be  allanite  with  a  mechanical  admixture  of  carbon.  Cerente^  or 
Cerite  is  a  hydrous  silicate  of  cerium.  Tscheffkinite,  or  Tschewkinitey  is  a  silicate 
and  titanate  of  cerium,  lanthanium,  and  didymium  with  oxide  of  iron.  Tritomite 
is  a  silicate  of  cerium  and  lanthanium. 

MONAZITE,  Mengite^  Edvoardsitey  Eremite^  is  a  phosphate  of  cerium  and  lan- 
thanium, with  or  without  the  oxide.  Found  in  Siberia.  KryptolUe  is  another 
phosphate  of  cerium.  LaiUhanite  is  a  carbonate  of  cerium.  ParisUe  is  a 
carbonate  of  cerium,  lanthanium,  and  didymium. 

865.  ScAFOLiTE  (Square  Prismatic,  H=6 — 6*6,  SO- =2*6 — 2-8).  Under 
this  name  are  included  WiemerUef  Paranthine  and  Mehnitey  together  with 
Nuttalite,  Skehergite^  Qahronite,  Barsowite^  Bergmamte^  Ottrelite,  PaXagO" 
fUte  and  Scolexerose,  Arhtizite  and  Ma,pidoUte  are  also  synonyms.  The  mi- 
neral thus  designated  is  represented  by  the  formula  {^M  Si-^Ca  8i).  It  is 
widely  distributed  in  old  ciTstalline  rocks  and  some  volcanic  rocks,  presenting 
many  varieties  of  form  ana  structure.  Afnphodelite  is  a  mineral  of  a  similar 
composition,  except  that  a  certain  quantity  of  the  lime  is  replaced  by  magnesia. 

WiCHTisiTE  and  Glaucofhanb  are  sihcates  of  alumina  and  iron  with  a  little 
lime,  soda,  and  magnesia. 

Gehlenite,  StglobUe,  contains  85  per  cent,  of  hme. 

MAsaAJiiTE,  Pearl-mioa, 

366.  lOLiTE  (Prismatic,  H=7 — ^7'5,  SG=2-6 — 2-7).  A  remarkably  glassy 
violet-coloured  mineral,  transparent,  and  presenting  dichroism  very  distinctly, 
whence  it  has  been  called  IHchroite.  It  is  also  called  Cordierite  and  Water 
sapphire^  the  latter  name  being  given  by  jewellers  to  a  variety  from  Ceylon, 
which  presents  different  colours  in  two  durections.  Its  formula  \&ZAlSi-\- 
(MgFe)  Si^     Steinheilite  is  a  synonym. 

The  following  minerals,  essentially  silicates  of  alumina  with  another  base,  may 
be  regarded  as  pseudomorphous  varieties  of  iolite  more  or  less  altered : — JBons- 
dorffite  or  HydrotM  Iolite^  JEsmarkite,  Praaeolite,  Chlorophyllite,  Weissite^ 
PmUey  OieseckUe,  OosUe^  OigantoUte,  KUUnite^  AspanoHte,  PyrargilUte, 
Iherite. 

867.  Nefhbite  or  Jade^  also  called  Axe-gUme  and  Ceramnite  (Hs6*5 — 7*5, 
SG-»2*9 — 8*08).  A  hard,  tough,  and  compact  stone  of  greenish  colour,  without 
cleavage ;  lustre  vitreous.  It  is  a  siHcate  of  alumina  and  magnesia.  Silica,  54*68 ; 
magnesia,  26*01;  lime,  16*06;  iron  prot.  2*15;  manganese  prot.  1*39;  water, 
0*68. 

SoBDAWAUTE,  Silicate  of  alumina  and  magnesia  with  phosphate  of  magnesia. 

368.  Emeeald  (Hexagonal,  H=7-5— 8,  Sa=2-6— 28),  SiU- 
cate  of  alumina  and  glucina,  containing  silica,  66*45 ;  alumina, 
16*75 ;  glucina,  15*50;  iron  prot.  0*60.  This  mineral  is  sometimes 
perfectly  transparent,  and  oi  a  beautiful  green  colour,  forming  one 
of  the  rarest  and  most  precious  gems;  more  frequently  it  is 
semi-transparent,  of  sea-green  colour,  and  often  of  large  size.  The 
less-coloured  specimens  are  called  Beryl  or  Aqua-moHne,  Ory- 
stallizes  in  hexagonal  prisms.  Beryls  are  often  of  large  size,  but 
seldom  transparent.  The  name  Davicktonite  has  been  given  to  a 
supposed  variety. 

EnciABE  (Al^  Si+2  QSiy  Monoclinic,  H=7*6,  SO- =309).  Cleavage  very 
perfect ;  always  crystalline ;  very  hrittle ;  electric  by  simple  pressure ;  colour 
sea-green  or  blue;  highly  doubly-refracting;  used  sometimes  as  a  gem,  but 
rarely  cuts  well  owing  to  its  great  brittleness. 

Fhskacite,  Silicate  of  glucina. 
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h.  Aluminous  cmd  Alkaline  Silicates,  and  their  Isomorphs, 

369.  Fel^ar  ffroup, — Granites  and  many  other  imstratified  rocks 
contain,  as  an  important  constituent  part,  a  laminated  nacreous 
mineral  of  white  or  pink  colour  and  peculiar  lustre  called  felspar. 
G-eneraUy  this  mineml  is  composed  oi  silica,  alumina,  and  potash, 
but  this  composition  is  by  no  means  invariable,  soda  and  other 
alkaline  bases  sometimes  replacing  the  potash,  the  relative  propor- 
tion of  the  ingredients  varying,  and  modifications  of  the  crystalline 
form  being  often  observable.  It  has  become  necessary,  as  these 
variations  from  the  original  type  have  been  studied,  that  the  whole 
group  of  minerals,  which  with  quartz  and  mica  compose  granitic 
rocks,  and  possess  the  external  characters  called  felspathic,  should 
be  distinctly  understood,  for  they  do  not  all  belong  to  the  same 
crystalline  system,  and  they  possess  important  atomic  differences, 
although  their  external  characters  are  easUy  confused.  Several 
ways  have  been  suggested  of  bringing  the  subject  into  order,  and 
the  one  here  adopted  is  that  given  by  M.  Dufr^noy  in  his  work  on 
Mineralogy. 

370.  Felspab,  or  Orthose,  also  called  Adularia  and  Orthoclase 
(Monoclinic,  H=6,  SG=2'39 — 2*58),  is  the  original  species  of  the 
whole  group,  and  must  therefore  be  mentioned  first.  It  is  found 
crystalline,  generally  reddish-white  or  flesh-coloured,  and  opake ; 
sometimes,  as  in  Amazon  stone,  of  a  fine  green.  Practure  emi- 
nently lamellar.  It  becomes  glassy  white  before  the  blowpipe, 
and  fuses  with  difficulty  at  the  edge  into  a  semi-transparent  glass. 
Composition :  Silicate  of  alumina  and  potash  (3-4Z  Si^-\-KSi^,  but 
a  portion  of  the  potash  is  generally  replaced  by  soda.  The  analysis 
or  a  specimen  of  glassy  felspar  from  the  Drachenfels  shows — Siuca, 
66-60;  alumina,  18"50;  magnesia,  1*09;  potash,  8;  soda,4.  A  mineral 
named  Byacolite  by  G.  B-ose  has  been  identified  with  felspar. 

Laminated  yarieties  sometimes  present  fine  chatoyant  lustre,  as  Moon-stone^ 
Many  felspathic  rocks  present  earthy  varieties  of  this  form,  and  others  compact 
felspar  or  PetrosUex^  sometimes  called  Fusible  homstone,  of  which  Adinole  and 
Leelite  ore  synonyms.  A  silky  felspathic  mineral  is  called  Necronite^  and  some 
dear  and  brilliant  crystals,  Ice-spar. 

Clinkstone  or  Phonolite  is  a  greyish  variety  of  true  felspar,  firequently  occur- 
ring in  yolcanic  districts.  IHtchstone  is  a  blackish,  or  bottle-green  mineral,  also 
volcanic ;  and  Obsidian  or  Volcamc-glass,  of  which  Marelcanite  is  a  variety,  is 
also  a  well-known  volcanic  product.  Pumice  or  Volcanic-ash  is  a  light  spongy 
modification  of  obsidian ;  and  Murchisonitef  an  interesting  mineral  from  the 
New  red  sandstone  of  Exeter,  is  no  doubt  of  the  same  origia  although  it  exhibits 
a  small  excess  of  silica.  The  most  interesting  and  most  abundant  forms  of  these 
and  many  other  minerals  will  be  alluded  to  again  as  rocks. 

371.  Albite  (Triclinic,  H=6— 65,  SG=2-6— 2-7).  In  this 
species  the  potash  of  felspar  is  exactly  replaced  by  soda,  so  that 
its  formula  is  (SAl  8i^  +  Na  Si^).  The  following  is  the  analysis : 
Silica,  67  99;  alumina,  19-61;  lime,  0*66;  soda,  11*12;  iron prot. 0*70. 


186  MIN£BAXOOT« 

It  includes  Pericline,  Tetartine,  Camatite  and  Clea/oelandite,  It  is 
generally  crystalline,  but  also  massive  and  laminated.  It  re- 
sembles felspar  in  many  respects,  but  is  heavier.  There  are 
massive  varieties,  white  and  almost  saccharoid,  and  sometimes 
fibrous.  Some  earthy  Albites  are  also  known,  whence  soda-kaolin 
is  derived.  A  peculiar  soda-felspar  is  obtained  from  the  Yosges 
and  from  Monte  Eosa,  presenting  some  anomalies.  Andedne  is 
a  variety  from  the  Andes.  Loxoclase  is  another  variety  from 
the  state  of  New  York,  North  America. 

872.  Labbadoeite,  Lahrador  felspa/r^  Opalme  feUpa/r  (Triclinic,  H=6,  SG 
=2*68 — 2*74).  A  felspar  in  which  lime  and  soda  together  replace  the  potash. 
It  is  usually  in  deavable  massive  forms,  has  nearly  perfect  cleavage,  and  pre- 
sents a  series  of  bright  chatoyant  colours,  especially  blue  and  green.  It  receives 
a  high  polish,  and  is  sometimes  used  in  jewellery.  The  name  Saus&urite  has 
been  given  to  a  variety  found  in  the  ^ps  and  called  by  De  Saussure  Jade, 
Chonikrite  is  probably  of  the  same  kind.  Glaucolite  and  SUicite  are  other 
varieties. 

Petalite,  a  felspathic  mineral  in  which  lithia  takes  the  place  of  potash. 
Castor  is  a  variety. 

Spodumene  or  TriphoTWf  another  felspathic  mineral,  with  a  yet  larger  pro- 
portion of  silicate  of  lithia  in  the  place  of  silicate  of  potash. 

OLiGOCiiASE,  Soda-spodumeney  a  mineral  having  the  same  relation  to  spodu- 
mene that  albite  has  to  true  felspar.  It  occurs  in  the  granites  of  Sweden  and 
Norway,  and  also  in  the  recent  volcanic  rock  of  Teneriffe.  lAme-oligoclase  has 
been  found  in  Iceland. 

Anobthitb,  ChrisUanite,  Indiamte.  In  this  mineral,  a  certain  proportion 
of  magnesia,  soda,  and  lime,  replace  a  corresponding  portion  of  the  potash  in 
felspar.     With  this  species  the  list  of  felspathic  minerals  terminates. 

373.  Leucite,   Leueolitey  Amphigene^  Vestman  ga/rnet   (Octahedral,  H= 
5*5^-6,  SQ-=2*4— 2*5).     Occurs  in  duU,  glassy  crystals,  of  the  form  of  a  trape- 
zohedron  of  greyish  colour.    It  is  translucent  and  brittle.    It  is  a  silicate  of 
alumina  and  potash,  and  is  very  abundant  in  the  lava  of  Vesuvius.     (Silica, 
63-76;  alumina  21*63;  potash  21*36.) 

Most  of  the  following  species  are  complicated  combinations  of 
various  bases  with  silicate  of  almnina,  and  are  of  little  general 
interest.     Many  of  them  are  volcanic. 

SoDALiTE,  Cancrinite  {blue),  8troganowite,  Silicate  of  alumina  and  soda  with 
chloride  of  sodium. 

Nepheline,  Da/vyney  Cancrinite  (rose-red),  Pinguite,  UlceolUe,  Fat-stone, 
Contains  soda  16,  potash  6,  or  carbonate  of  lime. 

Dipyee  contains  lime  9*6,  and  soda  9*4. 

HuMBOLDTiLiTE,  MeliUte,  Somervillite,  chiefly  silicate  of  lime. 

Damoubite.     (Silica,  45*26 ;  alumina,  37*76  ;  potash,  11*26 ;  water,  6'26.) 

Ephesite.     (Silica,  30 ;  alumina,  66*5 ;  soda,  4*6 ;   water,  3*0.) 

LlTBOBiTE,  Diploite.  (Silica,  42*6  ;  alumina,  34*8 ;  lime,  8*6;  potash,  6*6  j 
ox.  mang.  4 ;  water,  2.) 

ly.  Hydrous  double  Altimmom  Silicates, 

The  group  next  to  be  considered  includes  a  number  of  mi- 
nerals greatly  resembling  each  other ;  they  are  glassy  and  fre- 
quently milk-white,  but  occur  of  various  tints  of  colour.     They 
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are  neither  very  hard,  nor  very  heavy.  SGr=l*95 — 2*7.  They 
give  off  water  before  the  blowpipe,  and  are  soluble  in  acids. 
Many  of  the  minerals  of  this  group  are  called  Zeolites,  on  account 
of  their  boiling  and  swelling  when  exposed  to  the  heat  of  the 
blowpipe  flame. 

374.  Mesottpb  (Rhombohedral,  H=5— 5-5,  SGh=2*l7— 2-3).  The  follow- 
ing minerals  are  comprehended  under  this  name:  Mesotype,  NatroUte^  Scolezite 
or  Needlestone,  and  Mesolite.  Radiolite  or  Brevicite,  Caporcianite,  Lehuntite, 
Stellite,  Harringtonite^  ClMthalitey  PoonahUte  and  Antri/moUte  are  varieties. 
They  are  all  hych^us  silicates  of  alumina  and  lime,  or  soda,  and  are  chiefly  vol- 
canic, either  recent  or  ancient. 

Stilbite,  Desmine  (Rhombohedral,  H=3'5 — 4,  SG=2'1 — ^2*2),  occurs  in 
amygdaloid  j  is  genewdly  crystaUine  j  highly  lamellar;  White,  red,  grey,  yellow 
and  brown.  It  is  a  hydrous  silicate  of  alumina  and  lime.  SpherostUbite  and 
HyposHlhite  are  closely  allied. 

Heitlandite  (Monoclinic,  H=3'5 — 4,  SQ-=21 — ^2*2),  including  Lincolnite 
and  Aedelforaitey  is  composed  in  nearly  the  same  way  that  Stilbite  is,  but  in 
somewhat  different  proportions.  It  is  a  volcanic  mineraL  JEpistilhite  is  pro- 
bably a  variety. 

375.  The  following  are  hydrous  sOicates  of  alumina  with  lime, 
potash,  soda,  and  other  alkaline  earths,  and  have  little  general 
interest.  In  some  the  per-centage  of  alumina  and  other  bases  is 
given.  It  has  not  been  thought  necessary  to  mention  the  propor- 
tion of  silica,  nor  must  the  quantities  mentioned  be  regarded  as 
invariable.  Many  of  these  minerals  occur  in  basalt  or  in  amygda- 
loidal  rocks. 

Bbewstebits  (contains  strontia  and  baryta). 

Fafjasite  contains  about  17  per  cent,  alumina,  with  10  per  cent,  lime  and 
soda. 

G-iSMONDiyE,  Zeagonite,  Ahrazite,  contains  about  26  per  cent,  alumina,  with 
14  per  cent,  lime  and  potash.  Supposed  to  be  a  variety  of  Phillipsite.  A 
similar  hydrous  silicate  found  in  igneous  and  volcanic  rocks. 

Edinotonite  contains  alumina  28,  lime  13. 

AiiGEBiTE.  Yellowish  white :  Silica,  52 ;  alumina,  26 ;  potash,  10*50;  water, 
8,  with  iron  and  magnesia. 

G-LOTTALITE  contains  alumina  16,  lime  24. 

Laxtmontite,  Leonhardite^  contains  alumina  22,  lime  12. 

Peehnite,  Koupholite,  in  six-sided  prisms  or  massive  reniform  and  botryoi- 
dal,  and  of  compact  texture ;  colour  light  green ;  found  in  trap  and  other 
igneous  rocks ;  receives  a  handsome  polish.     (It  contains  alumina  23,  lime  26.) 

Chabasite,  with  Qmelinite  or  Sydrolite,  Levyne,  Lederolite,  Phacolite^ 
Acadwlitey  Serschelite^  JBeaumontite,  Saydemte  (Khombohedral,  H=4 — 4*5, 
SQ-=2 — 2-2).  A  group  of  minerals  of  rather  doubtful  identity,  composed  of 
nearly  50  per  cent,  of  silica  with  alumina,  lime,  soda,  potash,  and  water.  Form 
of  crystals  generally  nearly  cubical,  but  different  in  some  varieties.  (Alumina, 
20 ;  lime,  10 ;  soda  and  potash,  2.) 

Habmotome,  Morvenite^  Urcinite,  a  silicate  of  alumina  and  baryta.  (Alu- 
mina, 16 ;  baryta,  18.) 

Chbistianite,  Phillipdte  (Lime  or  Potash  Harmotome).  (Alumina,  20  j  lime, 
6  J  potash,  7.) 

Analcime,  Cuhicitey  Sarcolite,  (Siliea^  55 ;  alumina,  23 ;  soda,  14 ;  water,  8.) 
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This  mineral  oociira  in  crystaiB  and  massive,  usually  in  cavities  in  amygdiJoidal 
rocks,  basalt,  &c.,  but  aLso  in  beds  of  iron  ore  in  Norway,  and  in  silver  veins  in 
the  Hartz.  Analdme  is  dimorphous,  and  the  rarer  form  baa  been  described 
as  a  distinct  mineral  under  the  name  JSudnophite. 

Ittnebite.     (Alumina,  28 ;  lime,  6 ;  soda,  12.) 

SoouLEBiTE,  PvpeHone,     (Alumina,  17 ;  soda,  12,  with  lime  and  magnesia.) 

Thompsonitb,  Comptonite^  ChaUUte,    (Alumina,  31*6 ;  lime  and  soda,  17*2.) 

Katafleiitb,  Silicate  of  zirconia  and  soda.     (Ziroonia,  30 ;  soda,  11.) 

Agalmatolite,  Onchosine^  ligwre-Hone,     (Alumina,  33 ;  potash,  6.) 

Safonite,  Pioti/ne^  KeroUte,  Soapstone  (not  Steatite), 

Bhodalite,  Pagodite, 

Vebmiculite. 

Kahpholite. 

Pybosclebite,  Kammererite, 

KiBWANITE. 

Ptbophtllitb. 

376.  Chlobite  (Hexagonal,  H=l--l-5,Sa= 2-78— 2-96).  It 
is  a  silicate  and  aluminate  of  magnesia  and  iron.  Composition : 
Silica,  31*47 ;  alumina,  16*67;  magnesia,  32*56 ;  iron  protox.  5*97; 
water,  12 '43.  Under  this  species  are  included  certain  crystals 
formerly  regarded  as  talc,  which  may  be  grouped  under  the  names 
Chlorite,  Pen/nine,  and  Mvpidolite.  Hexagonal  chlorite  is  generally 
greenish,  massive,  and  granular,  or  in  inelastic  laminae,  and  is  very 
widely  dispersed  in  rocks.  Pennine  is  more  crystalline,  and  Ripi" 
doUte  of  different  crystalline  form.  Chlorite  schist  is  a  rock  va- 
riety. All  these  minerals  may  be  detected  by  the  argillaceous 
odour  given  off  on  breathing  upon  them. 

377.  The  following  are  sihcates  in  which  alumina  and  iron 
play  an  important  part. 

LspiPOMELANE,  a  black  and  micaceous  mineral  containing  a  large  per-centage 
of  iron. 

Nacbite,  Ora/nular  talc,  contains  potash. 

liOGAKiTE,  contains  36  per  cent,  magnesia. 

Wichtine,  contains  lime,  magnesia,  and  soda. 

Seybebtite,  CUntomte,  SoUnite,  SolmeHte,  Xawtoph^llite,  Brandisite,  Sili- 
cate and  Aluminate  of  magnesia,  lime,  and  iron. 

Masonite,  Chlorite  apar^  CMaritoid,  a  silicate  of  alimuna  and  iron  with 
magnesia;  green,  brittle. 

Gedbite. 

Sismondite. 

Bombite. 

V.  J^on-aluminotis  Silicates, 

378.  Apophtllite  (Square  prismatic,  H=4-5 — 5,  SG=2*3 — 
2*4) .  Occurs  crystalline,  and  in  lamellar  masses ;  very  nacreous ; 
cleavage  very  perfect ;  colour,  white  and  greyish.  It  is  a  hydrous 
silicate  of  lune  and  potassa,  frequently  with  fluorine.  Composi- 
tion: Silica,  52 ;  lime,  25 ;  potash,  6 ;  fluorine,  1'25;  water,  16*60. 
Tesselite  is  another  name  for  the  mineral,  and  Oxahverite  is  a 
variety.    Albin  is  a  white  variety. 
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TABTJLA.E-SPAE,  WollctstonUe^  Chelmsfordite^  Bisilicate  of  lime. 
Edelfobsite,  Trisilicate  of  lime. 

Dysolasite,  Ohenite,  Banburite^  Hydrous  tetra-silicate  of  lime. 
Pectoute,  OsmelUe,  Silicate  of  lime  and  soda. 

379.  Talc,  Silicate  of  magnesia  (Ehombohedral  and  Monoclinic, 
H=l,SG=2-68— 2*9).  Composition;  Silica, 63;  magnesia,  33-60; 
water,  3'40.  A  very  soft  mineral  of  eminently  pearly  lustre  and 
unctuous  feel.  Colour,  greenish  white.  usually  in  foliated 
masses,  but  sometimes  crystalline,  stellate  or  divergent,  easily 
separating  into  thin  translucent  plates,  flexible,  but  not  elastic. 
The  purest  variety  is  foliated,  others  are  fibrous,  and  others  take 
the  place  of  mica  in  granite,  producing  the  rock  called  Protogme. 
Lapis  ollaHs  or  Potstone  is  an  impure  variety,  also  called  Indtir 
rated  talc  or  Talcose  slate, 

380.  Steatite.  Another  silicate  of  magnesia  nearly  resembling 
talc.  It  is  presented  in  two  states,  both  soft  and  soapy,  but  one 
more  compact  than  the  other.  JEVench'chalk  and  Soapstone,  not 
Saponite,  are  varieties  of  Steatite  or  synonyms.  Hensselaerite  is 
an  American  variety. 

381.  Sebpentine,  also  called  OpMte^  includes  several  varieties; 

they  are  all  hydrous  silicates  of  magnesia  with  iron,  manganese  or 

chrome,  and  sometimes  alumina.     The  following  are  varieties  : — 

Picrolite,  Schiller  asbestos,  Metaadte,  Baltimorite,  Retinalite,  Ma/r- 

molite,  Picrophyllite,  Rhodochrome,  Hydrophite,  Chrysotile,  and 

GhloropJiyllite,     Precious  serpentine  is  a  beautiful  and  valuable 

marble,  and  when  mixed  with  limestone  constitutes  verd-antiqtie. 

Fyballolite,  an  amorphous  and  impure  silicate  of  magnesia. 
PiCBOSMiKE,  Boltonite,  Hydrous  silicate  of  magnesia. 

382.  Olivine,  also  called  Feridote  and  CArt/soUte,  Silicate  of  magnesia  and 
iron  (Prismatic,  H  «  6*5 — 7,  SG  «  3-34) .  The  following  are  varieties  : — lAmbi- 
lite,  Chmte,  Eyalosiderite,  &oekumite,  Forsterite,  Batrachite,  TautolUe,  and 
Knehelite.  An  olive-green  mineral  occurring  usually  in  lava  and  basalt  in  im- 
bedded grains — ^translucent  and  glassy— cleaving  readily.  It  is  characteristic  of 
some  lavas,  and  is  used  occasionally  as  a  gem. 

YiiiLABSiTE,  Silicate  of  magnesia  with  iron  and  manganese. 

383.  ZiBCON,  called  also  Hyacinth  and  Jargon,  Malacon  is  a 
variety  (Square  prismatic,  H=7*5,  SG=4 — 4*7).  This  mineral 
occurs  in  crystals,  and  also  granular.  Colour,  brownish  red,  and 
red  of  clear  tints;  also  yellow  and  grey.  Streak,  uncoloured; 
lustre,  adamantine ;  fracture,  conchoidal  and  brilliant.  It  is  a  sili- 
cate of  zirconia  coloured  generally  with  iron.  Composition :  Silica, 
32*60;  zirconia, 64-50 ;  iron  prot.  200.  Its  hardness  (near  corun- 
dum) riBnders  it  valuable  for  jewelling  watches.  It  is  also  some- 
times set  as  a  gem. 

Aeschynite,  Titanate  of  zirconia  with  several  rare  metallic  bases. 
FoLYinaNiTE,  another  titanate  of  zirconia,  &c. 
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PoLTCBASE,  Tantalate  aiid  titanate  of  zirconia  with  uranium,  &c. 
WoHLEBiTE,  SUicate  and  tantalate  of  zirconia,  &c. 
Oebstedite,  Silicate  and  titanate  of  zirconia,  &c. 
EuDYALiTE,  Silicate  of  zirconia,  lime,  soda,  &c. 

The  next  mineral  is  only  interesting  as  giving  an  earthy  element  (JThmtmi) 
not  met  with  elsewhere.     It  is 
Thobite,  Hydrous  silicate  of  thorina. 

We  have  next  to  consider  a  series  of  minerals  of  considerable 
importance  in  the  composition  of  rocks,  and  having  several  bases. 
The  first  is  the  Hornblende  growp^  including  a  considerable  number 
of  varieties.  The  name  Amphihole  is  given  by  Dufrenoy  to  the 
principal  species.  The  group  of  Augites  will  foUow.  Analyses  of 
homblendic  minerals  wiU  be  given  in  a  future  paragraph,  as  these 
minerals  must  be  again  referred  to  when  rock  masses  are  con- 
sidered. 

384.  HoEis^LEirDE,  or  Amphibole  (Monoclinic,  H=5 — 6,  SG 
=2'9 — 3*4).  There  are  two  principal  sub-species,  Tremolite  or 
calcareous  amphibole,  and  Sornbtende  or  ferruginous  amphibole, 
but  they  pass  into  each  other. 

Tremolite  or  White  Amphibole,  also  called  Orrnnmatite,  occurs  generally 
fibrous,  of  greenish  colour,  and  nearly  transparent.  Actinolite  is  a  radiated 
variety,  but  is  sometimes  glassy.  It  occurs  asbestiform  or  massive.  Compact 
TVemolite  is  sometimes  called  Jade,  and  is  used  for  various  ornamental  pur- 
poses. Composition:  Silica, 60-10;  alumina, 0-42;  magnesia,  24'31 ;  lime,  12*73; 
iron  protox.  I'OO ;  magnesia,  0*47  j  hydrofluoric  acid,  0-83;  water,  0-15.  Haphi- 
lite  is  a  variety. 

Black  Amphihole  or  true  ffomblende  is  much  more  abundant  than  tremolite. 
It  is  generally  in  laminated  masses,  sometimes  acicular  as  in  Strahlstein,  some- 
times laminated,  and  sometimes  granular  as  in  Pargasite\  or  in  globular 
masses,  or  compact.  The  colour  is  generally  dark  green,  but  not  invariably. 
Hornblende  is  an  essential  ingredient  of  many  rocks,  such  as  syenite,  trap,  and 
hornblende-slate.  Arfvedaomte  is  a  variety  containing  30  per  cent,  of  oxide  of 
iron.  Phyllite  is  another  ferruginous  variety.  Carinthine,  a  greenish  black 
mineral,  is  another.  Pohflite  has  a  smaller  proportion  of  silica,  but  in  other 
respects  resembles  hornblende ;  and  IHastatite  only  presents  some  difference  of 
crystalline  form.  Some  varieties  o£  Ashestos  belong  to  Amphibole,  but  the 
whole  group  will  be  described  under  the  species  Pyroxene,  to  which  it  more 
properly  belongs. 

Babinotonite  presents  striking  resemblances  to  Amphibole,  and  also  to 
Tourmaline,  but  has  been  considered  a  distinct  species. 

385.  Pteoxeite,  or  Atjgite  (Monoclinic,  H=5 — 6,  SG=3*2 — 
3*5).  This  is  the  name  given  to  a  large  group  of  minerals,  pre- 
sented under  various  external  forms,  and,  like  Amphibole  and 
some  others  already  described,  oflfering  very  striking,  though  diffi- 
cult, cases  of  isomorphism  and  dimorphism.  Many  divisions  of 
the  species  have  been  suggested,  but  we  retain  that  of  "Werner, 
advocated  also  by  Dufrenoy.  According  to  this  view,  there  are 
two  principal  groups,  the  former  chiefly  occurring  in  igneous  rocks, 
and  the  latter  in  modem  volcanic  districts.     AU  are  silicates  of 
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magnesia  and  lime,  combined  with  one  or  more  bases,  of  which 
protoxide  of  iron  and  protoxide  of  manganese  are  most  abundant. 
These  bases  all  replace  each  other.  These  minerals  occur  crystal- 
line and  massive,  sometimes  fibrous,  sometimes  granular,  and 
sometimes  compact.     Lustre  vitreous.     Brittle. 

386.  Htpeesthene  (H=6,  SG=3*39),  a  silicate  of  magnesia 
and  iron,  with  lime  and  manganese.  Found  in  crystals  and  cry- 
stalline, occasionally  in  large  quantities.  A  greyish*  or  greenish 
black  mineral,  nearly  opake,  and  with  pearly  or  vitreous  lustre. 
Yery  tough,  and  not  acted  on  by  acids.     Paulite  is  a  synonym. 

DioPSiDE,  or  WhUe  malacolite^  is  white  or  pale  clear  green,  more  or  less 
transparent ;  Sahlite  and  Baikalite  are  darker  green ;  Mussite  occurs  in  long, 
flat,  crystalline  plates  ;  Coccolite  in  grains,  green  or  white ;  Lherzolite  is  com- 
pact ;  Faasaite  and  Allalite  are  names  that  have  been  given  to  other  varieties ; 
Hedenhergite  and  Jeffersonite  are  ferruginous  varieties.  Some  manganese  va- 
rieties will  be  described  amongst  the  ores  of  manganese. 

387.  An  important  group  of  this  sub-species  is  that  which  contains  Asbestos, 
Amicmtkus,  Motrntam-wood,  Monntain-corJc,  and  Mountain-leather.  These  are 
some  of  them  so  fibrous  that  they  admit  of  being  woven  into  cloth,  which  from 
its  incombustibility  and  the  slowness  with  which  heat  passes  through  it,  is  used  as 
a  defence  in  entering  heated  or  burning  places.  Some  kinds  seem  to  be  hydrous 
silicates  of  hme,  magnesia,  and  iron,  and  might  perhaps  be  regarded  as  distinct 
species ;  others  belong  to  the  species  Amphibole.  Composition  of  a  specimen 
from  the  Little  St.  Bernard :  Silica,  48'70 ;  alumina,  1*60;  lune,14'60  j  magnesia, 
9*90 ;  iron  protox.  20*30 ;  water,  2*20.  Zeuxite  is  a  distinct  variety  of  diopside 
resembling  Amianthus. 

388.  Attgite  or  BlacJc-pyroxene,  the  form  usually  found  amongst 
modem  volcanic  rocks,  appears  in  black  or  greenish-coloured 
crystals,  and  contains  a  good  deal  of  lime,  as  well  as  iron  and  mag- 
nesia. Basalt  has  been  regarded  as  a  massive  form  of  this  variety, 
and  win  be  further  described  when  treating  of  rocks. 

A  crystalline  mineral  has  been  described  under  the  name  of  Ouralite,  inter- 
mediate  between  amphibole  and  pyroxene. 

389.  DiAiLAOE,  Bastite  (Monoclinic,  H=4-5,  SG=3*2— 3*5). 
Silicate  of  lime  and  magnesia.  This  name  has  been  applied  to 
diiFerent  minerals.  It  may  be  considered  to  include  Bronzite,  a 
mineral  of  greenish  brown  colour  and  metallic  lustre,  common  in 
serpentine  ;  and  Schiller-spar,  a  dusky  green  mineral,  brittle,  and 
of  metallic  pearly  lustre.  Composition  of  a  specimen  of  SchiUer- 
spar  from  the  Hartz :  Silica,  53*71 ;  alumina,  2*82  ;  magnesia,  17'55 ; 
lime,  17*06;  iron  and  manganese  protoxides,  8*08;  water,  1*04. 
Bronzite  contains  30  per  cent,  of  magnesia  and  very  little  lime. 
Diaclasite  is  a  variety  of  diallage.  Antigorite  is  a  variety  of 
bronzite.  Bma/ragdite  is  an  emerald-green  mineral,  also  belonging 
to  bronzite.    Gobhardite  is  probably  a  variety  of  Schiller-spar. 
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YI.  SilicO'ttluminateSf   Silico-fltuites,  and  other  salts  of  simitar 

nature, 

390.  Topaz,  Silico-fluate  of  alumina.  Silica,  35*52  ;  alumina, 
5514;  iron  protoxide,  17*21.  (Hexagonal,  H=: 8,  SG= 3*5.)  Cry- 
stallizes in  nght  rhombic  prisms ;  cleavage  perfect,  parallel  to  the 
base.  Colour  wine-yeUow,  greenish,  bluish,  or  reddish;  streak 
white ;  lustre  vitreous.  Occurs  generally  in  old  porphyritic  rocks 
in  the  Ural  and  Altai  mountains,  and  also  in  Scotland.  It  is 
found  in  Brazil,  frequently  as  a  pebble.  Employed  in  jewellery, 
the.  colour  being  altered  by  heat.  Becomes  electaric  by  heat.  Has 
two  axes  of  double  refraction.  Picnite  and  JByropJiysalite  are 
varieties ;  but  the  former  is  thought  to  differ  in  its  crystalline 
system. 

Chondbodite,  BAimite,  Machi/rUe^  Silico-fluate  of  magnesia. 

391.  Mica,  Muscovy  gla^s.  A  group  of  minerals  having  ex- 
tremely perfect  lamination  and  a  marked  semi-metallic  lustre,  more 
or  less  pearly.  They  present  several  examples  of  isomophism  in 
the  substitution  of  some  of  the  alkaline  earths  for  others,  and  an 
instance  of  dimorphism  in  the  two  varieties  called  uni-axal  and 
hi-axal  mica.  Mica  is  important  as  forming  one  of  the  consti- 
tuents of  granite,  and  it  is  used  in  Siberia  and  elsewhere  as  glass, 
owing  to  its  transparency,  toughness,  and  perfect  cleavage.  Ac- 
cording to  Hauy,  it  may  be  divided  into  laminsB  only  -ffxffVrnr*^  ^^ 
an  inch  thick. 

392.  Bi-AXAL  MICA  or  Potash  mica  (Monoclinio,  H = 2 — ^2*5,  SG = 2'66 — 3) . 
Colour,  shades  of  white,  grey,  green,  brown,  red,  violet,  and  black  ;  silver-white, 
greyiBh-green,  and  black,  being  the  most  usual.  This  is  the  common  kind  of 
mica,  and  generally  occurs  in  thin  foliated  masses,  plates,  or  scales,  in  granite 
and  mica-schist.  Composition :  Silica,  46*3 ;  alumina,  36*8 ;  potasl^  9*2 ;  per- 
oxide of  iron,  4*5  j  fluoric  add,  0*7;  water,  1*8. 

Lepidolite  or  Lithia-mica  occurs  in  crystals  of  purplish  colour,  and  in 
masses  of  aggregated  scales.  Lithia  is  here  present  in  the  place  of  alumina  to 
the  extent  of  firom  2  to  6  per  cent.,  and  the  proportion  of  fluoric  acid  is  much 
more  considerable  than  in  potash-mica.     It  is  monoclinic  or  perhaps  triclinic. 

893.  Uni-axal  mica  or  Magnesia-mica  (Hexagonal,  H=2-5— -3,  SG=2-85 
— 2*9).  This  mineral  contains  firom  10  to  26  per  cent,  of  magnesia,  alimiina 
being  present  only  to  the  extent  of  about  15  per  cent.  The  proportion  of 
potash  remains  nearly  the  same  for  all  varieties  of  mica,  but  is  generally  inter- 
mediate in  this  variety  between  the  proportions  met  with  in  the  two  former. 
Biotite  is  another  name  for  this  mineral. 

Fuchsite  is  a  green  mica  containing  chrome.  Plumose  mica  is  a  variety  in 
which  the  scales  are  arranged  in  a  feathery  form.  The  name  EuheUane  has 
been  given  to  a  red  mica.  Margarodite  is  a  variety  of  common  mica.  Hydnms* 
mica  contains  14  per  cent,  of  water. 

LET7C0PHANE  contains  11^  per  cent,  of  glucina. 

394.  Datholite,  EsmarkitSy  Hydrous  boro-silicate  of  lime  (Monoclinic, 
H  =s  5 — 5*5,  SG  =  2*9 — 3).  Found  crystalline  and  botryoidal,  in  the  latter 
case  called  Botryolite.  Colour  whitish ;  translucent.  When  abundant  it  is 
used  in  the  manmacture  of  borax.    Ha/ytorite  and  HumholdtUe  are  varieties. 
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395.  TorEMALnsTE  (Ehombobedral,  H  =  7— 7-6,SG  =  3— 3*3). 
CrystaUine  in  prisms,  also  coarse  columnar,  and  sometimes  massive. 
Brittle.  Lusta^  vitreous  to  resinous.  Electrically  polar  when 
heated.  Blue  and  green  varieties  exhibit  dichroism.  Black,  or 
brown  black  is  the  more  common  colour,  but  red  and  yellow  cry- 
stals occur.  The  streak  is  white.  The  composition  of  tourmalines 
is  very  varied  and  complicated;  boracic  acid,  however,  is  an  almost 
invariable  ingredient,  and  there  are  three  varieties,  one  containing 
a  sensible  proportion  of  lithia,  another  of  soda,  and  a  third  of  pot- 
ash. Most  specimens  contain  a  proportion  of  iron  or  manganese 
oxides.     The  colours  are  derived  m)m  these  latter  ingredients. 

Bubellite  is  a  red  variety ;  IndicoUte^  an  indigo  blue ;  and  BrazU-emercUd,  a 
green. 

The  following  table  shows  the  composition  of  the  principal  varieties  of  the 
tourmaUne:— a.  Yellow  and  brown.    5.  Black,    c.  Blackest,    d.  Violet,    e.  Bed. 

a,  h,  c.  d.  e. 

Fluorine 2-50        2*10        1-64        2*00        2*47 

Phosphoric  acid 0*24        O'OS        0-12         0*27 

Silica   38-33      3711      3651      3671      3838 

Boracic  acid    9'86        8*78        7*62        711        7*41 

Alumina 33*16      31-26      32*92      36*00      43*97 

Bed  oxide  of  iron  307        7*57        8*13        7*14        

Protoxide  of  iron  0*12        0*77        9*51         

Protoxide  of  manganese 0*11        6*52        2*60 

Magnesia 10*89        9*43        0*78        2*30        162 

Lime    0*77        0*80        0*72        0*80        0*62 

Soda    1   1  Ko        1*78        1*36        2*04        1*97 

Potash J    ^^^        0*32        0*58        0*38        0*21 

Lithia 0*48 

AxiNiTE,  Thiimite,  Yanolyte,  occurs  in  violet  crystals,  remarkable  as  affording 
one  of  the  few  representative  forms  of  the  unsymmetrical  oblique  prism. 

396.  ScHOSL  is  a  name  that  has  been  given  to  several  minends  of  very  di- 
stinct character.  The  most  correct  application  seems  to  be  that  which  refers  it 
to  a  variety  of  tourmaline,  as  a  rock  consisting  of  quartz  and  tourmaline  is 
generally  designated  schorl  rock.  There  is  however  no  mineral  described  as 
schorl  in  the  most  accurate  works  on  mineralogy. 

397.  Sphenb,  Titanite  (Monoclinic,  H  =  5—5*5,  SG  «  3*4—3*6),  Silico- 
titanate  of  lime.  A  well-known  minend,  coloured  variously  with  greenish-grey, 
greyish,  or  reddish-green  tints.  It  occurs  in  altered  and  igneous  rocks.  Oreef^ 
ovite  is  a  rose 'Coloured  sphene,  containing  manganese.  Menaccanite  is  a  dark 
variety.  Pictite  is  dirty  yeUow.  The  name  SemeUne  has  been  given  to  an 
orange-yellow  variety. 

MoSAin)BiTE  contains  also' cerium  and  lanthanium. 

398.  Lapis-lazttli,  Lazulite,  C?7^rawarm«  (Octahedral,  H  =  5*5, 
SG  =  2*38  —  2*42).  Generally  massive;  of  a  rich  and  bril- 
liant azure  blue  colour,  supposed  to  be  due  to  the  presence  of 
Bulphuret  of  sodium.  Obtained  jfrom  Persia,  and  near  Lake  Baikal 
in  Siberia.  Crystallizes  rarely  in  dodecahedrons.  Consists  of  silica, 
85*8 ;  alumina,  34*8 ;  soda,  23*2;  carb,  lime,  3*1 ;  sulphur,  3*1.  It 
is  used  in  mosaic-work  and  other  costly  inlaid  furniture.     "When 
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Eowdered  it  is  manufactured  into  ultramarine,  but  this  has  lately 
een  made  artificially.     Sauyne,  with  a  nearly  allied  mineral, 
Spinellane,  also  called  Nosean,  cannot  with  propriety  be  separated. 
HELYnrs  is  remarkable  for  oontaiziiiig  sulphiiret  of  manganese  as  one  of  the 
bases  in  the  silicates  of  which  it  is  composed.    It  is  the  only  instance  known  in 
which  a  sulphuret  acts  in  this  way. 

VII.  Aluminates. 

399.  SpnHBLiiE,  Aluminate  of  magnesia :  Alumina,  69*01 ;  mag- 
nesia, 26*21;  silica,  2*02;  iron  prot.  0*71;  chromium  ox.  1*10 
(Octahedral,  H  =  8,  SQ- =  3*4  —  3-8).  A  common  crystalline 
gem,  resembling  various  precious  stones,  and  deriving  its  ordinary 
names  from  those  resemblances.  The  scarlet  or  bright  red  crystals 
are  called  Spmelle-rvhy,  the  rose-red  Batas-ruby,  the  orange-red 
Mubicelle,  the  violet  Almandine-niby,  the  green  Chloro-^pinelle, 
and  the  black  JPleonaste,  Opake  octahedral  crystals  are  called 
Oeyla/nite,  Thev  are  of  the  hardness  of  topaz.  The  colour  is 
derived  from  oxides  of  iron,  chrome,  copper,  or  other  metals.  The 
mineral  is  found  in  igneous  rocks,  the  black  varieties  in  volcanic 
districts,  and  the  lighter  colours  in  granite  and  gneiss. 

YoiiEiTSBlTE  IB  a  hydrous  aluminate  of  magnesia,  found  in  the  Ural. 
AuTOMOLiTE,  or  GahnUe,  resembles  spinellie,  but  contains  upwards  of  80  per 
cent,  of  oxide  of  zinc.    SercynUe  is  a  yariety. 

Dtslttitb  is  a  similar  mineral,  with  a  large  per-centage  of  iron,  ^ 

400.  Chbtsobeetl  or  Oymophane,  Aluminate  of  glucina  (Heia- 

fonal,  H=8*6,  SG==3*69 — 3*78),  is  a  beautiftd  and  valuable  gem, 
ut  rarely  without  flaws.    Colour  bright  green.    H= 8*5,  SG= 3*69 
— 3*78.     Specimens  from  the  Ural  have  been  called  Alexandrite, 
TiTBNSBiTE,  Aluminate  of  lime  and  magnesia. 


CHAPTEE  X. 


DESCRIPTION  OF  METALS  AND  METALLIFEBOUS  MINERALS 

OR  ORES. 

The  minerals  that  remain  to  be  described  are  those  to  which 
the  term  metallic  or  metalliferous  applies  with  more  or  less  accu- 
racy. They  are  collected  together  into  one  class,  and  include  a 
variety  of  species  of  great  interest  and  importance. 


CLASS  THE  FIPTH. 

METALS. 
401.  This  class  includes  two  kinds  of  minerals,  very  easily  di- 
stinguished by  their  aspect.      They  consist  of,  Jirst,  the  native 
metals,  and  combinations  of  native  metals  with  each  other  pos- 
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sessing  a  metallic  lustre;  and  secondly,  combinations  of  metals 
with  oxygen  or  with  acids,  not  having  generally  a  metallic  lustre, 
and  often  resemblioLg  the  silicates  in  appearance.  They  have, 
however,  a  peculiar  aspect,  and,  generally,  a  high  specific  gravity, 
and  they  almost  always  yield  a  regulus  or  metallic  ash  on  trial 
with  the  blowpipe. 

In  the  present  Chapter,  these  various  minerals  wiU  be  grouped 
under  the  head  of  the  metal  most  important  in  their  composition, 
and,  after  a  short  notice  of  the  metal  itself,  the  chief  ores,  if  any, 
will  be  alluded  to,  and  the  names  only  (with  the  composition)  of 
the  other  minerals  mentioned. 

Base  Metals, 

Under  this  head  are  included  those  metals  which  cannot  be 
reduced  to.  the  metallic  state  by  the  simple  application  of  heat. 
There  are  three  divisions :  the  first,  including  those  that  are  brittle, 
and  require  an  intense  heat  to  reduce  them;  the  second,  those 
that  are  brittle,  and  can  readily  be  fused ;  and  the  third,  those 
that  are  malleable.  The  first  includes  Titammn,  Tungsten,  Molyh' 
denwm,  Chromiwm,  Uranmm,  and  Mamcmese;  besides  four  other 
metals,  only  known  to  the  chemist.  The  second  includes  Arsenic, 
Antimony,  Tellttritmi,  and  Bismuth ;  and  the  last,  a  great  number 
of  the  more  common  useful  metals. 

Q-BOTTP  1.  Brittle  Metals,  fusible  with  difficulty, 

TITAI^nJM, 

4^2.  Titanium,  although  a  true  metal,  and  occurring  sometimes 
native,  has  more  analogies  with  silica  than  with  the  metallic  mine- 
rals generally.  It  occurs  chiefly  in  nature  in  combination  with 
oxygen,  forming  titanates  of  various  earths  and  metals,  and  is  very 
universally  difiused  with  quartz  and  iron. 

When  obtained  artificially  as  a  metal,  or  in  the  slags  of  iron- 
works (where  it  is  found  not  unfrequently  in  the  form  of  brilliant 
cubic  crystals*),  titanium  is  found  to  be  of  copper-red  colour, 
very  brittle,  hard  enough  to  scratch  quartz  and  steel,  very  light 
(SQ"  =  6-3),  and  infusible  at  all  ordinarv  temperatures,  not  being 
afiected  by  the  highest  heat  of  the  blast-mmace.  In  a  crystallized 
state  it  is  not  acted  on  by  acids,  but  when  powdered  is  less  refrac- 
tory. Titanium  is  at  present  little  used  for  any  practical  purpose, 
but  an  attempt  was  once  made  to  employ  it  as  a  pigment. 

RTTTiitE,  Nigrine,  Titanio  acid,  a  reddish-brown  mineral,  found  in  altered 
rocks,  and  used  to  a  small  extent  in  painting  on  porcelain,  and  in  enamelling 
artificial  teeth. 

Anatase,  another  yariety  of  Titanio  acid. 

*  WGhler  says  "  these  cubes  are  formed  of  ejranide  and  of  nitruret  of  titanium.'* 
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Bbookite,  a  third  Variety.    Arkansite  is  a  yariety  of  Brookite. 

Wabwickite,  Fluoride  of  titanium  and  iron.  ' 

Sphsne  is  a  silico-titanate,  and  is  mentioned,  with  other  silicates,  in  a  former 
paragraph  (§  397). 

MsKACCAinTB,  Titaniferous  iron. 

ScHOSiiOHiTE,  FerrotitamUe^  a  titanate  and  silicate  of  lime,  with  iron  and 
magnesia. 

TANTALIUM,  NIOBIUM,  AND  PELOPIUM. 

403.  So  little  is  known  of  these  metals,  and  thej  are  so  absolutely  without 
use  in  the  arts,  that  a  very  short  notice  will  suffice. 

TANTAinjM,  or  CoLXTMBiTTM  (SG= 6),  combines  with  oxygen,  forming  an  acid, 
whraice  are  produced  several  compounds  called  Tantalates.  The  metal  is  hard 
and  infusible  before  the  smith's  forge.  The  various  Tantalates  contain  also  the 
metals  Niobium  and  Pelopimn. 

The  following  are  chiefly  Titanates,  Tantalates,  and  Niobates  of  iron,  with 
other  bases. 

IiiHEKiTE,  Crichtonite,  Mohsite,  Wctshmgtonite^  Mengite,  Menechanite, 
Titanitic  iron.  The  minerals  thus  named  contain  from  8  to  53  per  cent,  of 
peroxide  of  titanium.    They  are  titanates  of  iron. 

ISEBINE,  Oregorite,  G-alUzinUe^  Titaniferous  sand,  Nigriae,  other  titanates 
of  iron  with  manganese. 

Tantalite,  Ferro'tantalitey  Tantalate  of  iron  and  manganese  with  tin. 

CoLiTMBiTE,  Baierine,  NioHte,  Niobate  and  tantalate  of  iron  and  manganese 
with  tin. 

Yttbotantalite,  Ettxenitb,  rEEGTTSoiaTB,  Ptbochloee,  Ubano-tan- 
TALITE,  PoLTMiaNiTB,  PoLTKEASE,  contaih  Tttria,  Uranium,  Cerium,  Lan- 
thanium,  with  other  metalloids,  as  bases,  combined  with  TantaUc,  Titanic, 
Scheelic,  Niobic,  and  Molybdic  adds.    They  are  unimportant  minerals. 

Pybbhite  is  said  to  be  a  niobate  of  zirconia. 

TUNOSTEN. 

404.  Tungsten  is  a  hard  brittle  metal,  of  light  steel-grey  colour, 
and  brilliant  metallic  lustre  (SG  =  17-6).  It  is  barely  fusible  at 
the  greatest  heat  of  the  smith's  forge,  but  when  heated  to  redness 
in  the  open  air  it  bums  into  the  peroxide  (tungstic  acid).  Its 
ores,  tungstates  of  lime,  iron,  and  manganese,  are  very  frequently 
associated  with  those  of  tin,  and  injure  the  latter  greatly.  Turn- 
stic  iwid  has  been  found  native.  Sfo  use  is  made  of  the  metal  m 
the  arts.     Tungstic  acid  is  used  by  the  dyers. 

WoLrEAM,  Tungstate  of  iron  and  manganese  (H  =  5,  SG  =  7 — 7*5).  In 
this  mineral  lime  sometimes  replaces  part  of  the  iron.  Although  of  no  value, 
Wolfram  is  not  without  interest  in  its  association  with  the  ores  of  tin,  which 
it  interferes  with  so  much  as  sometimes  to  render  the  ore  valueless.  It  is  hard, 
and  extremely  heavy,  and  sometimes  magnetic.  Colour  brownish-black,  with 
reddish-brown  streak.  It  fiises  before  the  blowpipe  to  a  magnetic  globule, 
studded  with  crystalline  points. 

TxnsrasTATE  of  Lead,  Stolzite. 

TuNaSTATE  or  Lime,  White  wolfram.  White  tungsten,  ScheelUe  (§  345). 

TTmOSTIC  OCHBE. 

MOLYBDENUM. 

405.  Molybdenum  is  a  silver-white,  brittle,  very  infusible  metal, 
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not  to  }>e  procured  in  buttons  by  the  beat  of  tbe  smiths  forge, 
and  baving  a  specific  gravity  of  8'64.  It  oxidizes  readily.  It 
occurs  in  nature  witb  sulpbur  and  oxygen,  and  also  witb  lead  as 
Mohfbdate  of  hctd,  Tbe  sulpburet  resembles  lead,  and  is  remark- 
ably unctuous  to  tbe  toucb,  by  wbicb  it  may  be  readily  distin- 
guisbed.     Tbis  metal  bas  been  little  used  in  tbe  arts. 

MOLTBDBNITB,  Sulphupet  of  molybdenum  (Mb  S3).  Used  sometimee  in 
oolouring  porcelain. 

MoLYBDio  OCHBE,  Molybdio  acid,  or  oxide  of  molybdenum. 

VANADIUM. 

406.  A  silyer-white  metal,obtained  from  some  Swedish  ores  of  iron,  and  &om 
Vcmadimte  (a  yanadiate  of  lead),  and  yanadiates  of  copper,  or  combined  with 
lime.  It  has  no  yalue  in  the  arts,  imless  a  suggestion  to  employ  yanadiate  of 
ammonia  as  a  writing  fluid  should  be  found  of  importance. 

CHROMIUM. 

407.  Cbromium  is  a  bard,  brittle  metal  of  greyisb-wbite  colour, 
resembling  iron,  baving  a  bigb  metallic  lustre,  and  exceedingly 
infusible.  Its  specific  gravity  is  6,  but  it  is  rarely  obtained  in  tbe 
metallic  state,  and  bas  never  been  used  as  a  metal.  It  does  not 
oxidize  readily  on  exposure  to  tbe  air,  but  combines  readily  witb 
oxygen  at  a  red  heat.  Combined  witb  oxygen  it  forms  oadde  of 
chromivm  and  chromic  acid,  and  witb  iron  and  lead  it  forms  cbro- 
mates  of  tbose  metals.     It  occurs  witb  iron  in  meteorites. 

Tbe  ores  of  cbromium  are  employed  in  tbe  manufacture  of  cbro- 
mate  of  potasb,  a  yellow  salt  largely  used  by  calico-printers.  Mixed 
witb  a  soluble  salt  of  lead,  an  artificial  cbromate  of  lead  is  pro- 
duced of  deep  orange-red  or  orange-yellow  colour,  wbicb  forms  an 
excellent  pigment,  used  botb  in  oil  and  water  colours,  in  calico- 
printing  and  in  dyeing,  Tbe  oxide  of  cbromium  gives  a  green 
colour  to  glass  and  porcelain,  and  is  tbe  colouring  matter  of  tbe 
emerald.  Botb  by  itself,  and  witb  tbe  oxides  of  otber  metals,  it 
is  also  extensively  used  as  a  colouring  material  in  dyeine:  and  in 
calico-printm?,  iipotterjr.  porcel^nainel,and  oil-Jainlng,  and 
in  glass-staining;  and  m  one  of  its  combmations  it  bas  been 
employed  as  a  preservative  of  wood.  Cbromic  acid  enters  into 
tbe  composition  of  tbe  spineUe  ruby.     It  is  used  as  an  agent  to 

discbarge  colours  in  dyeing  in  lieu  of  cblorine. 

Chrome  oghbe,  Oxide  of  chromium.  This  mineral  has  been  found  in  the 
Shetland  Islands  and  in  France  in  an  earthy  state — the  proportion  of  oxide  of 
chromium  varying  from  2^  to  25  per  cent.  Wblchonslnte  is  a  name  given  to  a 
variety  jGrom  Perm,  in  Bussia,  with  30  per  cent,  of  silica.  WUoschine  is  another 
variety. 

408.  Cheomitb,  Chromic  iron,  Cbromate  of  iron  and  alumina 
(Octahedral,  11=5*5,  8Q-=4'4 — 4*5).  This  mineral  consists  of 
green  oxide  of  chromium,  60;  protoxide  of  iron,  20*1 ;  alumina*,  11*8 ; 
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magnesia,  7*5.  Occurs  in  octahedral  crystals  or  massive,  in  small 
green  fragments,  attracted  by  the  magnet.  Colour  iron-black  and 
brownish-black.  Found  in  serpentine  and  crystalline  limestone, 
commonly  in  some  of  the  Western  islands  of  Scotland,  either  in 
veins,  nests,  or  disseminated.  It  is  also  found  in  the  Bare  Hills 
near  Baltimore  in  Maryland,  U.S.,  and  in  the  continuation  of  similar 
rocks  in  Pennsylvania  and  New  Jersey;  in  Unst  and  Fetlar,  Shet- 
land Isles,  and  at  Portsay  in  Banffshire ;  in  the  department  of  Var, 
France;  in  Silesia  and  Bohemia;  in  the  Ural  mountains;  in  the 
mountains  near  Drontheim  in  Norway;  in  Asiatic  Turkey;  and 
in  the  Sharrawarry  Hills  near  Madras.  The  supply  is  obtained 
at  present  from  Turkey,  Baltimore,  Drontheim  and  Shetland :  the 
average  yield  of  the  ore  is  40  to  45  per  cent.,  and  the  value  £12 
to  £13  per  ton.  This  is  the  chief  ore  of  chromium.  It  is  much 
used  in  the  preparation  of  pigments,  and  is  an  important  and 
valuable  ore, 

URANIUM. 

409.  A  very  combustible  metal,  burning  in  the  air  at  a  tem- 
perature of  400°  Fahr.,  but  unaltered  by  exposure  at  ordinary 
temperatures.  It  more  resembles  the  metaUic  bases  of  the  alkaline 
earths,  and  especially  magnesium,  than  the  true  metals;  it  has, 
however,  a  metallic  lustre  equal  to  that  of  silver,  and  it  is  malleable 
to  a  certain  extent.  Its  colour  is  greyish  or  reddish-brown. 
SG-=9.  It  is  almost  infusible.  The  oxides  of  Uranium  are  used  in 
the  porcelain  manufacture  as  a  pigment,  yielding  a  fine  orange  tint 
in  the  enamelling  fire,  and  a  black  colour  in  that  in  which  the 
porcelain  is  baked. 

410.  PiTCHBLEitDB,  Oxide  of  immium  (UO,  H^5'5,  SO= 6-35— 648).  A 
greyish,  brownish,  or  velvet  black  mineral,  often  massive ;  opake  j  dull  j  contain- 
ing 79  to  87  per  cent,  of  protoxide  of  uranium  with  silica,  lead,  iron,  and  some 
impurities.  It  occurs  in  veins  with  ores  of  lead  and  silver  in  Saxony,  and  with 
tin  in  Cornwall.  Uramc  ochre  is  a  hydrous  peroxide  found  with  pitchblende. 
It  is  a  yeUow  pulverulent  mineral.  Coracite  resembles  pitchblende,  but  con- 
tains alumina.  Oummi-erz,  or  hyacinth-red  pitchblende,  is  a  variety  with 
Yanadium.    PUtin-erz  is  another  variety. 

UsAiTETE,  Phosphate  of  uranium.  This  includes  two  minerals,  Uranite  and 
ChalJcoUte  {Torherite),  the  one  containing  phosphate  of  Ume,  and  the  other 
phosphate  of  copper,  combined  with  the  phosphate  of  uranium.  They  are  very 
brittle;  the  former  is  of  bright  dear  yellow,  and  the  latter  of  green  colour. 
H=2,  SG=312or3-33. 

Samabseite,  Ura/no-tcmtalate^  Oxide  of  uranium  with  niobic  and  tungstic 
acids. 

JOHAITNITE,  Uran  vitriol^  Sulphate  of  uranium. 

MANOANESE. 

411.  The  earthy  oxides  of  this  metal  are  very  widely  diffused 
over  the  earth,  jfrequently  in  bands  of  small  thickness  between  the 
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oldest  and  secondary  groups  of  rocks,  but  often  in  masses  without 
any  regularity,  either  parallel  or  transverse  to  the  stratification. 
The  sandstone  called  by  foreign  geologists  Arhose  is  one  in  which 
these  masses  frequently  occur.  The  crystalline  minerals  of  manga- 
nese are  generally  in  thin  veins.  The  metal  when  obtained  resembles 
cast  iron,  is  moderately  ductile,  but  breaks  with  a  blow  of  the 
hammer ;  is  fiisible  with  great  difficulty,  rapidly  tarnishes  and  falls 
to  powder  on  exposure  to  damp  air,  decomposing  water  and  giving 
off  the  odour  of  hydrogen  when  breathed  on.  (SG-=7*86.) 

Manganese  is  not  used  in  the  arts  in  the  metallic  state,  but  its 
oxides  are  employed  in  blea^jhing  to  a  very  large  extent,  owing  to 
the  facility  with  which  they  part  with  their  oxygen  gas.  Besides 
this  use,  the  oxides  are  valuable  in  giving  violet  colours  to  glass, 
and  removing  brown  and  green  tints  from  the  same  substance. 
The  sulphate  and  chloride  are  used  in  calico-printing,  the  sulphate 
giving  a  chocolate  or  bronze  colour.  Wad,  one  of  the  impure 
hydrous  oxides,  is  used  also  as  a  coarse  pigment,  and  in  glazing 
pottery.  The  ores  of  manganese  are  generally  associated  with  iron, 
often  with  baryta,  and  sometimes  with  cobalt. 

MAKQiLNESE-BLENDE,  Alctbondine^  Sulphuret  of  manganese  (Mn  S).  H(meriU 
is  another  sulphuret  (Mn  S3). 

Absenioal  MANGtAKESE,  Arseniuret  of  manganese  (MnAs). 

412.  Pybolitsite,  Peroxide  of  manganese :  Manganese,  61*80  ; 
oxygen,  35*42,  with  barvta,  silica  and  water  (MnO«,  Hexagonal, 
H=2 — 2*5,  SQ-=4-7 — 5).  Colour  blackish-grey  or  olack;  gene- 
rally massive,  botryoidal,  fibrous,  earthy  or  compact,  and  often 
dendritic.  This  is  the  most  common  ore  of  manganese,  and  is 
much  worked  in  various  parts  of  Germany,  in  Thuringia,  West- 
phalia, Moravia,  Saxony,  and  Bohemia ;  in  Hungary  and  Prance ; 
m  the  United  States ;  in  Brazil ;  in  England,  in  Cornwall,  Devon- 
shire, and  Somersetshire;  and  in  Scotland  near  Aberdeen.  It 
contains  very  little  water,  and  gives  off  10  to  11  per  cent,  of  oxygen 

at  a  red  heat. 

413.  MANGtAinTE,  Hydrous  sesquioxide  of  manganese.  This  mineral  is 
described  by  Beudant  and  referred  to  by  Dufrenoy  as  Acerdese.  It  is  much 
harder  than  Fyrolusite  (H»S'5),  containing  oxygen  in  excess,  and  about  10 
per  cent,  of  water.  The  names  Neivkirkite  and  Va/rvaeite  have  been  given  to 
varieties.     It  has  little  value. 

Hattsmannite,  Sesquioxide  of  manganese. 

BBAT7NITE,  Frotoxide  of  manganese.  Polianite  is  supposed  to  be  a  pseudo- 
morphous  form. 

Cbednebite,  Oxide  of  manganese  and  copper. 

414.  Wad,  Bo^  manganese,  also  called  Earthy  rrumganese,  a 
peroxide  of  manganese,  with  much  water  (H=3,  SG=2*3 — 3'7). 
This  ore  is  very  impure,  being  mixed  generally  with  oxides  of  iron, 
cobalt,  copper,  and  various  other  substances.  It  is  used  in  bleach- 
ing, and  in  the  manufacture  of  the  pigment  called  umber,  and  when 
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mixed  with  linseed-oil  often  takes  fire  spontaneously.     It  is  found 
near  Exeter,  and  in  many  places  on  the  continent  of  Europe. 

An  aluminate  of  the  peroxide  of  manganese  occurs  near  Siegen 
on  the  Bhine,  and  appears  to  be  a  distinct  mineral. 

415.  PsiLOMELAJTE  (H=5 — 6,  SG=41 — 4*2),  a  doubtful  mi- 
neral, probably  a  mixture  of  manganite  of  baryta  or  potash,  with 
peroxide  of  manganese.  Composition  of  a  specimen :  Manganese, 
51*22 ;  oxygen,  26*28 ;  barjrta,  16*50 ;  water,  4.  It  is  an  abundant 
ore,  generally  accompanying  other  ores  of  the  same  metal.  It 
contains  cobalt.  SeterocUn  and  Mdrceline  are  similar  ores,  con- 
taining sUica. 

DiALLoaiTE,  Bhodocrolite,  Carbonate  of  manganese  (Hexagonal,  H  »  S'S-HL'S, 
Sa=3-3— 3-6). 

HuBEATTLiTE,  Hetebozite,  and  Tbiphylliite,  or  Triplitey  are  phosphates 
of  manganese  and  iron.     Dufr^noy  puts  Iron  apatite  in  the  same  list. 

416.  Makganesb-spab,  JEtedrma/ngcmese,  Hom-mcmgcmese, 
Rhodonite,  Fhotozite,  Bi-siHcate  of  manganese  (Monoclinic, 
H=5 — 7,  SQ-=3'54— -3*68).  A  deep  rose-  or  flesh-coloured  mi- 
neral, crystalHne  or  granular,  translucent  at  the  edges,  with  irre- 
gular fracture.  Composition:  Silica,  48;  manganese  protoxide,  49, 
with  lime  and  magnesia.  It  is  sufficiently  common,  though  rare  in 
England,  and  is  found  both  in  veins  and  beds.  It  is  susceptible  of 
a  &ie  polish,  and  is  used  as  an  ornamental  stone,  and  also  in 
colouring  glass  and  glazing  pottery.  Troostite,  or  Troolite,  is  a 
variety  containing  iron.  Suetamite,  Opsimose,  and  Dyasnite,  are 
probably  varieties  obtained  by  partial  decomposition.  Tephroite  is 
a  silicate  containing,  silica,  30;  manganese  protox.  67,  with  a  little 
iron  and  water. 

Tbi-siijcate  op  HiLNOAiirESE  is  a  concretionary  mineral,  much  Ughter  and 
less  hard  than  the  former,  and  very  brittle.  Allagite  is  a  variety.  All  the 
silicates  of  manganese  are  doubtful,  and  contain  many  impurities  and  accidental 
substances. 

Gbotjp  2.  Brittle,  and  easily  fuMle  or  volatile  Metals. 

AUSENIC. 

417.  Arsenic  occurs  in  a  native  state  nearly  pure  and  sometimes 
crystallized,  and  also  with  many  other  metals,  especially  iron,  cobalt, 
nickel,  silver,  copper,  antimony,  and  manganese.  It  is  a  bluish- 
white  or  steel-grey  metal  with  brilliant  lustre.  It  is  very  soft 
(H=3*5)  but  brittle,  and  has  a  granular  fracture  and  granidar  or 
lamellar  texture.  Its  specific  gravity  is  5*7 — 6.  At  a  compara- 
tively low  temperature  (365*^)  it  volatilizes  and  is  readily  inflam- 
mable, giving  off  a  strong  odour  of  garlic.  It  readily  tarnishes, 
becoming  almost  black  by  exposure  to  the  air.  It  conducts  elec- 
tricity perfectly. 

Arsenic   combines  with    oxygen   naturally  in   White  arsenic 
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(arsenious  acid)  and  with  sulpliur  in  two  forms,  both  common  and 
valuable  minerals.  It  also  forms  arseninrets  with  various  metals. 
It  is  used  in  the  arts  as  a  metal,  in  mixture  with  lead,  to  manufac- 
ture shot,  its  effect  being  to  make  the  lead  break  readily  in  drops. 
It  is  also  an  ingredient  in  several  alloys  of  lead,  antimony,  bismuth, 
&c.  White  arsenic  is  used  in  medicine,  in  the  manufacture  of 
glass,  and  by  candle-makers,  and  the  sulphurets  (realgar  and  or- 
piment)  are  valuable  pigments,  used  both  in  dyeing  and  in  the  fine 
arts.  Arsenic  acid  (a  second  combination  with  oxygen)  forms 
many  metallic  and  other  salts,  called  Arseniates, 

Native  abseiqc. 

White  absenic  (As^  Og). 

PharmacolUe,  and  other  arseniates  of  lime  are  described  in  §  345. 

Kvpfer  nickel  and  WTUte  nickel  (§  455),  Smaltme  and  Arsenical  cobalt  (§  461), 
with  Arsenical  pyrites  (§  440),  are  arseninrets  elsewhere  referred  to. 

418.  Eealoab,  Red  sulphuret  of  arsenic  (AsS).  Found  in 
oblique  prisms  or  massive,  of  a  beautiful  clear  cochineal  or  orange- 
red  colour.  Transparent.  H=l-5— 2,  SG=3-36 — 3-66.  Found 
chie^  in  Transylvania  and  Hungary,  with  tellurium  and  gold ; 
also  n*om  China.  Used  for  coloured  fire  in  fireworks.  Contains 
70  per  cent,  arsenic. 

419.  Obpiment,  Yellow  'sulphuret  of  arsenic  (AsgSg,  H=l*5, 
SQ"=3'48).  Barely  crystalline.  Contains  61  per  cent,  of  arsenic. 
Subtransparent.  Sectile.  Obtained  from  Himgary,  Turkey,  China, 
South  and  North  America.  Ma8e  use  of  as  the  basis  of  the  pig- 
ment called  King^s-yellow, 

ANTIMONY. 

420.  Antimony  is  a  sUver-white  metal,  slightly  blue,  and  with 
very  brilliant  lustre.  Its  hardness  is  about  equal  to  that  of  gold. 
SG-=6'7 — 6*8.  Compact,  and  brittle.  It  does  not  oxidize  on 
exposure  at  ordinary  temperatures,  but  fuses  a  little  below  red 
heat  and  bums  vividly.  It  is  found  native  but  not  abundantly. 
It  occurs  generally  with  lead,  silver,  arsenic,  Ac,  but  the  only 
important  ore  is  the  sulphuret.  As  a  metal  it  is  used  in  the 
manufacture  of  type  metal,  of  which  it  forms  from  one-fourth  to  a 
twelfth  part,  the  rest  being  lead,  with  a  little  tin,  bismuth,  and 
copper.  Mixed  with  lead  alone  it  forms  the  rather  brittle  plates 
from  which  music  is  printed.  Sard  pewter  is  made  of  12  parts 
tin  and  1  antimony.  Brita/rmia  metal  of  100  parts  tin,  8  antimony, 
2  bismuth,  and  2  copper.  With  iron  it  forms  a  hard  whitish  alloy. 
A  very  small  quantily  renders  gold  unmalleable.  The  sulphuret 
(crude  antimony)  has  sometimes  been  used  in  the  East  to  stain 
the  hair  black.  The  oxides  are  much  used  in  medicine,  and 
also  in  giving  colour  to  fistctitious  gems.  Hungary  has  sirpplied 
600  tons  annually,  and  large  quantities  have  been  obtainea  from 
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various  parts  of  England  and  France,  and  till  lately  from  the  island 

of  Borneo. 
Native  aktimoky,  with  a  little  silver  (rarely  crystallized). 
Antimonial  silver  (Silver  77,  antimony  23). 
Stiblite,  Antimoniate  of  antimony. 
Ahtimoniatb  of  lead  (Ant.  31  per  cent.). 
Absenical  antimony  (Antimony  37  per  cent.,  arsenic  62). 

421.  Geey  antimony  (SbSg,  Ehombic  H=2,  Sa=4-6— 4-7). 
An  important  mineral,  containing,  ant.  73,  sulph.  27.  Colour 
lead-grey.  Sectile,  cleaving  readily.  Often  in  long  prismatic  or 
acicidar  crystals,  with  strong  vertical  strisB.  Occurs  in  masses  or 
veins  in  the  metamorphic  and  igneous  rocks.  Ofben  compact  and 
sometimes  capillaiy .  It  fuses  rapidly  in  the  flame  of  a  candle.  It 
resembles  the  oxides  of  manganese,  but  is  easily  distinguished  by 

its  cleavage. 

422.  ZiNEENiTB,  Snlphnret  of  antimony  and  lead  (proportion  of  antimony 
45  per  cent.). 

Flaoionite,  another  sulphuret  (Ant.  38  per  cent.). 

Featheb  QBE,  a  third  (Ant.  31  per  cent.). 

Boulangebite,  a  fourth  (Ant.  25^  per  cent.). 

Bed  aktimony,  Kermes  mineral^  AntimoM^  blende,  Sulphuret  and  oxide  of 
antimony  (Ant.  75  per  cent.). 

WOLESBEsaiTE,  Sulphuret  of  copper  and  antimony  (Ant.  47).  - 

White  antimony,  Valentmite,  Oxide  of  antimony.  Senarmow6ite  is  a  variety. 
Both  contain  Ant.  84*32,  ox.  15-68. 

Antimono-phyllitb,  an  impure  oxide  of  antimony. 

Bebthiebite,  Haidmgerite,  Sulphftret  of  antimony  and  iron  (Ant.  25  per 
cent.). 

Jamesonite,  Sulphuret  of  antimony  and  lead  with  iron  and  bismuth  (Ant. 
35  per  cent.). 

In  addition  to  these  are  several  other  sulphurets  of  antimony  and  lead,  which 
must  be  regarded  as  ores  of  lead.  These  are  Steiwmcmnite,  Killbricke»Ue, 
KohelUte,  White  silver,  Geocronite  and  Boulangerite  are  sometimes  regarded 
as  belonging  to  this  group.    See  §  435. 

TELLUKIUM. 

423.  Tellurium  occurs  native,  generally  in  combination  with 
gold,  iron  and  silver,  and  often  with  lead  and  bismuth.  Its  colour 
is  brilliant  white,  like  that  of  tin ;  it  is  brittle,  rather  less  fusible 
than  lead,  and  combustible.  H=2 — 2*5,  SG=615.  It  is  rare, 
and  of  no  use  in  the  arts.     It  has  been  found  chiefly  in  Transyl- 

vanian  mines.     The  following  are  the  most  usual  combinations.: — 

Native  tellubixtm  (Tellurium,  iron,  gold). 

G-BAPHio  TELLUBirH,  QrapMc  Quid,  AwotellurUe,  Syloanite  (Tellurium, 
gold,  silver). 

Black  TELLiTBiinc,  NagyagUe  (Tellurium,  gold,  lead,  silver,  sulphur). 

Foliated  tellttbixtbc  (Tellurium,  lead,  gol^  copper,  silver,  sulphur). 

Cabbonate  oe  tellubixtm,  Herrerite,  Carbonate  of  tellurium  and  nickel. 

BISMUTH. 

424.  A  metal  of  considerable  interest  and  some  value,  employed 
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in  the  arts  in  a  variety  of  ways.  It  is  chiefly  found  native,  gene- 
rally combined  with  arsenic,  and  the  whole  supply  at  present  comes 
from  Saxony.  It  has  a  greyish  or  reddish-white  colour,  with  a 
distinct  reddish  shade.  SG-=9'9.  The  metal  crystallizes  readily 
in  cubes.  Its  texture  is  generally  crystalline.  Its  hardness  lies 
between  copper  and  lead,  it  breaks  under  the  hammer,  and  cannot 
be  drawn  into  wire.  It  fiises  at  497°  Fahr.  It  is  not  a  common 
metal,  and  is  usually  associated  with  iron,  lead,  silver,  arsenic,  and 
other  metals,  and  with  sulphur  or  oxygen. 

When  mixed  with  other  metals,  bismuth  generally  renders  them 
more  fiisible,  but  this  is  not  the  case  when  only  present  in  small 
quantity.  The  uses  of  bismuth  are  in  the  manufacture  of  type- 
metal,  and  of  some  kinds  of  solder ;  it  is  also  used  in  the  form  of 
nitrate  as  a  cosmetic  (JPearl powder),  Plwriber* s  solder  consists  of 
1  bismuth,  5  lead,  and  3  tin.  A  mixture  of  8  bismuth,  5  lead,  and 
3  tin  constitutes  a  fusible  metal  which  melts  at  a  heat  a  little  below 
that  of  boiling  water  (200°  Fahr.).  A  small  addition  of  mercury 
adds  to  the  fusibility.  The  nitrate  of  bismuth  is  employed  as  a 
mordant  for  lilac  and  violet  dyes  in  calico-printing. 

Native  bismuth. 

SuLFHiTBET  OF  BISMUTH  contains  81  per  cent,  bismuth,  and  fuses  in  the  flame 
of  a  candle. 

KOBELLITE,  Sulphnret  of  lead  and  bismuth,  contains  27  per  cent,  of  bismuth. 

Patbinite,  Plumbo-cupriferous  sulphuret  of  bismuth. 

AciouLAB  BISMUTH,  Sulphurct  of  bismuth,  lead  and  copper,  with  gold. 

Bismuth  tellubium  (Tellurium,  SOj  bismuth,  60$  sulphur,  2;  silver,  2,  and 
trace  of  selenium). 

Teteadtmite,  Bomme  (Bismuth  60,  tellurium  35),  found  in  Hungary. 

Bismuth  ochbe,  Oxide  of  bismuth  with  carbonate  of  iron. 

BiSMUTHiTE,  Affnesite,  Carbonate  of  bismuth,  green  and  yellow  (H=4, 

sa«7). 

Bismuth  bjjekdh,  Buhftme,  Silicate  of  bismuth  (siL  22,  ox.  bism.  69,  with 
iron,  manganese  and  water). 

G-BOXTP  3.  Malleable  Metals. 

ZINC. 
425.  Zinc  is  much  used  in  the  arts,  generally  in  sheets.  It 
melts  at  rather  a  low  temperature  (773°  Fahr.),  and  boils  at  a 
white  heat.  It  is  so  volatile  as  to  be  occasionally  distilled.  Its 
colour  is  bluish-white,  its  fracture  clean  and  laminated,  and  very 
brilliant.  8(3^=6*86 — 7*20,  varying  according  to  its  condition,  as 
cast  or  beaten.  It  is  very  easily  oxidized,  but  the  tarnish  does  not 
eat  into  the  substance.  It  is  not  found  native.  It  has  long  been 
used  in  the  manufacture  of  certain  metallic  alloys,  of  which  Brass 
is  the  best  known.  It  is  now,  and  has  always  been,  obtained  from 
the  carbonate,  sulphuret,  and  silicate,  which  are  widely  distributed. 
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It  is  malleable  between  220^  and  230°  Eahr.,  and  may  then  be 
hammered  out,  rolled  into  sheets,  and  drawn  into  wire.  At  higher 
temperatures,  between  400°  and  500°  Fahr.,  it  is  so  brittle  that 
it  may  be  pounded  in  a  mortar.  It  is  tough  and  intractable  at 
common  temperatures.  Wire  -r^th  inch  diameter  sustaias  a  weight 
of  26  pounds.  In  England  the  annual  make  is  about  1200  tons, 
and  in  Belgium,  2600  tons.  The  returns  from  Prussia  for  1854 
show  a  yield  of  37,942  tons  in  that  year. 

Brass  is  made  from  two  parts  of  copper  and  one  of  zinc.  Zinc 
is  much  used  as  a  substitute  for  lead  m  lining  cisterns,  coyering 
roofs,  forming  water-spouts,  and  manufacturing  many  kitchen  and 
dairy  utensils.  It  is  also  used  for  engraving  on  (instead  of  stone) 
for  zincographic  printing.  It  is  used  by  the  Chinese  a»  a  coin. 
The  sulphate  and  oxide  are  employed  in  medicine. 

426.  Blende,  Blackjack,  Sulphuret  of  zinc  (Octahedral,  ZnS, 
H=3*5,  SG=415).  Green,  yellow,  red,  brown  or  black.  Streak 
white  to  reddish-brown.  Brittle.  Decrepitates  violently  when 
heated.  Contains  when  pure  67  per  cent,  of  zinc.  Not  so  much 
used  as  calamine,  though  very  common.  It  is  found  abundantly 
with  lead  ores,  and  is  sometimes  accompanied  by  calamine.  It  is 
often  phosphorescent  by  friction.     Marmatite  is  a  variety. 

SELBZnUBET  OF  ZINC. 

VoLTZiNB,  Oxy-8ulphupet  of  zinc. 

427.  Calamtbte,  Carbonate  of  zinc  (Hexagonal,  H=5,  SQ-= 
4*1 — 4*5).  This  is  the  usual  ore  of  zinc,  and  the  metal  is  obtained 
from  it  by  distillation.  It  is  crystalline,  massive,  or  incrusting. 
Colour  impure  white,  green,  or  brown.  Subtransparent.  Brittle. 
Effervesces  in  nitric  acid.  Contains  when  pure  about  65  per  cent, 
of  oxide  of  zinc  (four-fifths  of  which  is  pure  zinc),  and  about  35 
per  cent,  of  carbonic  acid,  but  is  often  impure,  containing  iron, 
manganese,  and  cadmium.  It  occurs  commonly  with  galena  and 
blende  in  the  Mendip  Hills  in  Somersetshire,  in  Flintshire,  Derby- 
shire, Alston  Moor,  and  elsewhere  in  England,  in  Belgium,  near 
Aix-la-ChapeUe  on  the  Bhine,  in  Carinthia,  Silesia,  Poland,  Hun- 
gary, Siberia,  Central  and  Eastern  Asia,  especially  China,  and 
in  the  United  States.  Zinc  Bloom  is  an  earthy  carbonate,  con- 
taining 15  per  cent,  of  water.  Aurichalcite  is  a  variety,  also 
containing  water.  The  rare  metal  Cadmium  is  found  with  this 
ore.  Pseudomorphous  crystals  are  common,  resembKng  Dog-tooth 
spar.  Buratite  is  a  carbonate  of  zinc  and  copper,  containing 
copper  28,  ziac  45. 

428.  Electeio  calamine,  Smiihsonite,  was  long  confoimded 
with  calamine.  It  is,  however,  a  true  Silicate  of  zinc:  Silica, 
25-48 ;  oxide  of  zinc,  67*07 ;  water,  7*45  {^ZnS^-^-  Aq,  Triclinic, 
H=4'5 — 5,  SQ-=3'35 — 3*45).     Colour  whitish,  bluish,  greenish, 
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or  brownish.  Transparent.  Brittle.  Strongly  electric  when 
gently  heated,  and  some  varieties  become  electric  by  friction.  It 
occurs  with  calamine  generally  ia  the  lead  mines,  and  sometimes 
contains  cadmium.  It  is  valuable  as  an  ore  of  zinc.  Mcmci/nite 
and  Willemite  are  anhydrous  silicates,  containing  72*47  per  cent, 
oxide  of  zinc. 

429.  SpABTiLLiTE,  Bed  oxide  of  zinc:  Zinc,  76*04;  oxygen,  18*46; 
manganese  oxide,  5*50  (Triclinic,  H=4— -4*5,  SGr=5*4--5'56). 
Colour  red,  iuclimng  to  yellow,  but,  when  pure,  colourless ;  streak 
orange-yellow.  A  good  ore  when  abundant,  and  one  easily  re- 
duced, but  nearly  confined  to  mines  in  the  state  of  New  Jersey, 
U.S. 

Htbbate  dip  zinc  Ain)  coppeb. 

White  vitbiol,  Ghslarite,  Sulphate  of  zino.    It  is  supposed  to  arise  from 
the  decomposition  of  blende,  being  found  chiefly  in  deserted  mines. 
HOPEITE,  supposed  to  be  a  hydrous  phosphate  of  zinc  with  cadmiimi. 

CADMIUM. 

430.  This  metal  occurs  with  ores  of  zinc  chiefly  in  Silesia,  m  the 
proportion  of  from  2  to  11  per  cent.  It  is  also  foimd  in  lEhigland 
in  the  form  of  sulphuret-in  the  mineral  called  Qreenockite.  When 
reduced,  the  metal  has  the  colour  and  lustre  of  tia,  but  with  a  shade 
of  grey.  It  takes  a  high  polish.  It  resembles  tia  not  only  in 
colour,  but  in  softness,  ductility,  and  in  the  peculiar  creaking  sound 
it  emits  when  bent  and  heated.  It  is  malleable,  and  fusible  at  442° 
Pahr.  SG=8*6.  Its  oxide  and  sulphuret  produce  fine  brown  and 
orange-yellow  colours  which  may  be  used  as  pigments.  The  sul- 
phate has  been  used  in  medicine.  Some  other  uses  have  been  sug- 
gested, of  which  the  most  important  is  coating  iron  tubes  with  a 
mixed  deposit  of  copper  and  cadmium  to  supersede  the  so-called 
"galvanized  iron,"  or  iron  dipped  in  melted  zinc. 

G-EEBNOOKITB  (Hexagonal,  CdS,  H  «  3 — 3*5,  SO- = 4*8— 4*9) .  Colour  yellow 
or  brown.  Cadmium,  77*70  $  sulphur,  22*30.  Found  erjstallized  at  Bishopton, 
in  Benfrewshire,  N.B. 

TIN. 

431.  A  useful  metal,  of  silver-white  colour,  having  a  peculiar 
taste,  and  an  odour  which  may  easily  be  recognized  when  the 
metal  has  been  long  held  in  the  hands.  Tin  is  very  malleable, 
and  may  be  beaten  into  very  thin  plates,  especially  at  a  tempera- 
ture about  that  of  boiling  water.  It  has,  however,  little  tenacity, 
a  wire  of  -Mh  of  an  inch  breaking  with  a  weight  of  about  50 
pounds,  and  it  is  not  very  ductile,  though  more  so  than  lead.  It 
may  be  beaten  into  leaves  ^  ^^  ^th  of  an  inch  thick.  It  is  very 
fusible,  melting  at  442°  Fahr.  (a  temperature  170°  below  the 
melting-point  of  lead),  and  burning  with  a  bright  fiame.  It  gives 
out  a  peculiar  cracking  noise  when  bent,  but  is  scarcely  if  at  all 
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elastic.  Its  specific  gravity  is  7*28,  but  may  be  a  little  increased 
by  hammering. 

Tin  oxidizes  slowly  on  exposure,  whence  its  value  in  coating  iron 
and  copper.  It  alloys  freely  with  quicksilver,  bismuth,  lead,  and 
other  metals. 

The  principal  ore  of  tin  is  the  oxide,  and  it  is  obtained  chiefly 
from  Cfomwall,  Saxony,  Bohemia,  and  Hungary  in  Europe,  and 
from  Malacca  and  Banca  in  the  East  Indies.  It  is  also  found  in 
Spain  and  France,  and  in  Chili  and  Mexico,  and  occurs  in  many 
other  mineral  districts,  but  in  very  small  quantities.  Nearly  6000 
tons  are  produced  annually  in  Eugland,  and  not  more  than  that 
quantity  from  all  other  known  localities.  Tin  is  much  used  in  the 
manufacture  of  tin-plate  (iron  coated  with  tin),  and  for  tinning 
copper,  and  also  as  tin-foil,  which,  alloyed  with  quicksilver,  forms 
the  reflecting  surface  in  glass  mirrors.  The  salts,  dissolved  in 
muriatic  acid,  are  used  in  dyeing  and  calico-printing,  and  the 
metal  is  aUoyed  with  copper  in  various  proportions,  to  form 
bronze,  bell-metal,  speculimi  metal,  &c. 

Native  tin  (?). 

Tin  fybiteb,  Stanmne^  BeU-metal  ore^  Sulpliuret  of  copper,  tin,  and  iron, 
the  iron  sometimes  replaced  by  zinc  (Octahedral,  H  =  ^  SO-  =  4*3  —  4*6). 
Steel  grey  to  bronze  yellow.  Streak  black.  Found  in  Cornwall,  and  in  Bohe- 
mia, in  tin  yeins. 

432.  Tin  QBE,  Casdterite,  Oxide  of  tin :  Tin,  77*50 ;  oxygen, 
21-50,  with  iron  and  siHca  (StO^,  H  =  6-5,  Sa  =  6;9).  The 
only  important  ore  of  tin.  Occurs  crystallized,  massive,  or  in 
grains ;  frequently  as  gravel.  Colour  brown  or  black ;  in  veins  in' 
crystalline  rocks,  often  with  wolfram,  copper,  and  iron  pyrites,  and 
other  minerals.  Wood-tin  is  the  name  given  to  botryoidal  and 
reniform  shapes,  with  concentric  and  radiated  structure.  ToacTs-et/e 
tin  is  the  same  variety  on  a  small  scale.  Stream  tin  is  the  gravel- 
Hke  tin  ore  found  with  detritus. 

Tin  ore  resembles,  in  colour  and  form,  seyeral  minerals,  from  which  it  is  often 
desirable  to  distinguish  it.  The  principal  of  these  are  Brown  idocrase^  Zircon, 
Zinc  blende,  some  tcmtalates,  and  Woyram  (tungstate  of  iron).  Its  high  spe- 
cific  gravity  is  a  sufficient  characteristic  with  respect  to  the  three  minerals  first 
named,  of  which  the  specific  gravities  are  3*3,  4*4,  and  4'1,  respectively,  instead 
of  6*9.  The  tantalates  are  not  so  hard,  barely  scratching  glass,  and  being  readily 
scratched  by  steel.  Before  the  blowpipe,  the  oxide  of  tin  gives  metallic  tin  with 
soda,  and  an  opal-white  enamel  with  borax.  The  tantalates  colour  borax  yel- 
lowish-green, like  oxide  of  iron,  and  wolfram  is  lamellar  and  readily  frisible. 

LEAD.  •. 

433.  Lead  is  a  metal  of  great  importance  in  the  arts.  It  is 
found  native  veir  rarely,  being  usually  in  combination  with  silver, 
antimony,  arsemc,  selenium,  sulphur,  molybdenum  or  chromium, 
and  various  acids.     The  only  important  ores  are  the  sulphuret  and 
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carbonate.  Lead  when  pure  is  of  bluish  grey  colour,  tarnishing 
black  (H  =  l-5,  SG  =  11-3  — 11-4).  It  is  ductHe  and  malle- 
able,  but  the  least  tenacious  of  all  metals.  Its  texture  is  close, 
like  that  of  gold  or  silver.  It  is  inelastic,  and  one  of  the  least 
sonorous  of  the  metals.  It  melts  at  612°  Fahr.,  soils  the  fingers 
when  rubbed,  and  marks  paper.  It  emits  a  peculiar  odour  when 
rubbed  in  the  hand.  It  is  apparently  soluble  to  some  extent  in 
perfectly  pure  water,  and  as  the  solution  is  poisonous,  cannot 
safely  be  used  for  culinary  purposes.  Lead  oxidizes  readily  on 
exposure,  but  not  deeply,  assuming  a  dull  earthy  aspect.  It  may 
be  considered  as  the  most  abundant  and  most  widely  diflPdsed 
metal  after  iron.  The  supply  of  lead  from  the  British  Islands  in 
1854  is  stated  at  64,000  tons,  from  Spain  nearly  20,000,  and  from 
Prussia  10,000  tons. 

Metallic  lead  is  much  used  in  the  arts  in  various  ways :  in  thick 
sheets  for  roofing,  lining  cisterns,  &c.,  and  also  in  much  thinner 
sheets  for  smaller  works;  it  is  cast  or  drawn  into  pipes  for  conduct- 
ing water,  gas,  &c. ;  alloyed  with  tin,  to  make  solder  and  in  the 
manufacture  of  pewter,  and  with  antimony  and  tin  in  type-metal ; 
alloyed  with  arsenic,  it  forms  shot;  combined  with  oxygen,  it 
forms  massicot  and  litJiarge,  both  protoxides,  and  the  latter  of 
them  used  in  the  manufacture  of  flint-glass,  and  in  separating 
silver  from  lead  ores ;  it  forms  also  red  lead,  a  deutoxide  used  in 
the  manufacture  of  flint-glass,  and  as  a  pigment;  the  carbonate 
or  wMte  lead  is  a  weU-known  paint ;  and  the  chromate  a  yellow 
-pigment;  the  acetate,  siwa/r  of  lead,  is  used  in  various  ways  in 
medicine  and  the  arts.     Lead  in  many  forms  is  poisonous. 

434.  Galena.,  Lead  gla/nce,  Sulphuret  of  lead,  almost  always 
containing  silver  (PbS,  H  =  2*6,  SG  =  7*57).  This  very  im- 
portant mineral  occurs  in  cubical  crystals,  in  coarse  or  fine  granular 
masses,  or  fibrous.  When  pure  the  proportion  of  lead  is  86^  per 
cent.,  and  there  is  generally  some  silver,  varying  indefinitely  in 
amount  from  a  quarter  of  an  ounce  up-  to  150  ounces  in  the  ton 
of  galena,  but  if  present  in  no  larger  a  proportion  than  1  part  to 
10,000  (3  ounces  of  silver  to  the  ton  of  metallic  lead),  the  silver 
can  be  separated  with  advantage.  The  greater  part  of  the  silver 
found  in  Europe  is  obtained  from  argentiferous  galena.  Galena 
has  a  brilliant  metallic  lustre  and  lead-grey  colour,  and  is  brittle. 
The  principal  localities  for  this  mineral  in  JEngland  are  in  Derby- 
shire, Durham,  Northumberland,  Cumberland,  Yorkshire,  Shrop- 
shire, and  Cornwall.'  Cardiganshire  and  Flintshire,  in  Wales,  and 
various  places  in  Ireland,  Scotland,  and  the  Isle  of  Man  also  yield 
a  considerable  quantity.  It  occurs  in  the  south  of  Spain  and  else- 
where in  that  country  in  large  quantities,  and  also  in  Saxony,  the 
Hartz,  and  France,  in  various  places ;  in  Belgium,  near  Namur ; 
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in  Bohemia ;  in  Siberia,  and  in  many  places  in  Asia ;  and  in  North 
America,  in  the  Missouri  district,     it  is  usually  in  veins,  but  is 
not  unfrequently  in  very  irregular  masses  in  large  cavities  in  lime- 
stone.    There  are  two  varieties,  fine  grained  and  flaky. 
.  The  following  names  have  been  given  to  minerals  of  which  sul- 

E buret  of  lead  is  the  principal  ingredient,  but  in  which  antimony, 
ismuth,  iron,  copper,  or  other  substances,  replace  a  portion  of 
the  lead. 

CiTPBOPLXJMBiTE,  Sulphuret  of  lead,  74*98  j  sulphuret  of  copper,  24*45,  with 
eilyer. 

DuPBiNOYSiTE,  Sulphuret  of  lead  and  arsenic  (lead  57,  arsenic  21,  sulphur  22). 

Steinmannite,  Sulphuret  of  lead  and  antimony,  proportions  unknown. 

KiLBBiCKENiTE,  Sulphuret  of  lead  and  antimony,  with  arsenic  and  iron,  or 
copper  (lead  68*87,  iron  0*38,  antimony  14*39). 

Weissoultioebz,  Sulphuret  of  silver  and  lead  (silver  20,  lead  48). 

G-EOEBONITE,  SchulzUe,  Antimono-arseniuret  of  lead,  Fbg  (Sb  As,). 

CoBALTio  LEAD  QBE,  Arscniuret  of  lead  containing  cobalt. 

BoTJLAiiraEBiTE,  Phtmbostibf  Antimono^sulphuret  of  lead. 

Clatjsthalite,  Seleniulfet  of  lead. 

Lebbachite,  Seleniuret  of  lead  and  mercury. 

ZoBG-iTE,  Seleniuret  of  lead  and  copper. 

Tellitbated  lead,  Altaite  (lead,  60  j  tellurium,  38,  with  silver). 

BoTJBNONiTE,  Antimouo-sulphuret  of  lead. 

435.  The  following  are  oxides  and  sulphates  of  lead : — 
Plattnebite,  Oxide  of  lead,  black,  brittle  (SO-  =  9*4)  :  Lead,  86*62. 
Massicot,  YeUow  oxide  of  lead. 

Native  Minixtm,  Red  oxide  of  lead,  contains  upwards  of  90  per  cent,  of 
metal.  The  red  lead  of  commerce  is  an  artificial  product.  Flwnbio  ochre  is  a 
similar  ore  of  yellow  colour. 

Sulphate  oe  lead,  Anglesite^  a  mineral  sparingly  distributed,  but  found 
occasionally  with  galena. 

LiNABiTE,  or  Cupreous  anfflesite,  a  hydrous  azure-blue  sulphate  of  the  oxides 
of  lead  and  copper,  found  chiefly  at  Lead-hiUs. 

436.  White  lead  obe,  Certissite,  Carbonate  of  lead  (H  =  3 
—  3*5,  S(3-  =  6*47) .  A  white  greyish  or  brownish  mineral,  worked 
for  lead  when  abundant,  and  affording,  when  pure,  75  per  cent,  of 
the  metal.  "With  sulphate  of  baryta  it  forms  the  pigment  called 
Venice  white.  It  is  widely  distributed  and  abundant  in  certain 
localities.     It  is  reduced  with  great  facility. 

DioxYLiTE,  Sulphato-carbonate  of  lead. 
Leadhillite,  Sulphato-tricarbonate  of  lead. 
Caledonite,  Cupreous  sulphato-carbonate  of  lead. 

437.  Pteomoephite,  Phosphate  of  lead  (H  =  3*5  —  4,  SG  = 
6*5  —  7).  A  bright  green  or  brown  mineral,  sometimes  orange- 
yellow,  owing  to  the  admixture  of  chromate.  Streak  nearly  white ; 
lustre  resinous.  Common  in  lead  districts,  and  occasionally  abun- 
dant. G-enerally  derived  from  the  decomposition  of  other  ores,  of 
which  it  is  a  good  surface  indication.  The  following  is  the  com- 
position :  Lead,  7*50 ;  oxide  of  lead,  56*62 ;  phosphoric  acid,  32*49 ; 
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chlorine,  2-57,  with  phosphate  of  lime  and  carbonate  of  iron. 
Poh/gpheride  and  Muscoide  are  varieties. 

MiHSTiKE,  Phosphato-arsenate  of  lead.  JEediphane  is  a  variety.  Nussierite 
is  another  mineral  referable  to  the  same  spedes. 

Htdeotjs  absenate  op  lead. 

CoBNEOTJS  LEAD,  ITom  lead,  Phosgenite,  Chloro-carbonate  of  lead. 

Cebasite,  Cotvmdte,  Chloride  of  lead. 

YAif  ADIKITE,  Yanadmte  of  lead :  Ox.  lead,  80*75 ;  yanadic  add,  15.  Found 
in  Mexico.  Dechemte  is  another  yanadiate  of  lead :  Or,  of  lead,  54*67 ;  yanadic 
acid,  4(5*33. 

CkocoisiTE,  1/ehmannite,  KroJcoite,  Chromate  of  lead.  The  pigment  called 
chrome-yellow  is  obtained  from  this  mineral.  It  contains  chromic  acid  31*85, 
protoxide  lead  68*15. 

Melaitochboits,  FhoBmcifef  Subsesqui-chromate  of  lead  (23*64  per  cent, 
chromic  add). 

Yauqitelinite,  Chromate  of  lead  and  copper. 

MoLYBDATE  OE  LEAD,  Wulfenite  (Moljbdic  acid  39,  ox.  lead  61).  There 
is  another  moljbdate  (basic)  containing  73  per  cent.  ox.  lead. 

Ttjngstate  op  lead,  Stolzite, 

Flttmbo-besinite,  a  doubtful  mineral  containing  oxide  and  phosphate  of 
lead,  alumina,  and  water. 

Aktimoniate  op  lead. 

IRON. 

438.  Iron  is  the  most  abundant  and  universal  metal,  and  it  is 
also  the  most  useful.  It  is  found  in  almost  aU  minerals,  combined 
with  many  metals  directly,  and  with  most  indirectly,  and  with 
sulphur,  siHca,  carbon,  and  other  earths.  The  ores  &om  which 
the  metal  is  obtained  are  numerous,  and  for  the  most  part  easily 
recognized.  They  have  a  specific  gravity  below  8,  and  generally 
as  low  as  5 :  their  hardness  is  seldom  more  than  6*5.  They  belong 
to  various  systems  of  crystallization.  Iron  is  found  native  in 
masses,  which  seem  in  most  cases  to  have  passed  through  a  portion 
or  the  whole  of  our  atmosphere,  but  in  this  case  there  is  always  a 
certain  proportion  of  nickel  (from  1  to  25  per  cent.),  together  with 
chrome,  cobalt,  and  other  metals,  sulphur,  magnesia,  and  often 
some  portion  of  other  alkaline  earths.  Stones  of  this  kind  are 
called  meteorites,  and  they  have  been  found  in  various  parts  of  the 
world.  They  exhibit  a  hardness  of  about  4*6,  and  SG  =  7*3  —  7*8. 
They  are  magnetic,  malleable,  and  do  not  rust  so  readily  as  iron. 
The  largest  known  specimen  is  estimated  to  weigh  30,000  pounds, 
and  was  found  in  South  America.  Other  specimens  of  native  iron 
have  been  found,  but  are  extremely  rare.  Itecently  iron  has  been 
found  in  a  native  state,  but  in  extremely  minute  proportions,  in 
several  basalts  and  other  igneous  rocks. 

Pure  metallic  iron  can  only  be  obtained  with  great  difficulty, 
and  by  chemical  manipulation  on  a  small  scale.  It  is  the  most 
tenacious  of  all  metals,  and  highly  ductile,  but  cannot  be  beaten 
into  very  thin  leaves.    A  cylindrical  wire,  whose  diameter  is  xV*^ 
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of  an  inch  (2  inilliinetres),  just  breaks  under  a  weight  of  550 
pounds  (250  kilogrammes).  It  is  most  malleable  at  a  temperature 
exceeding  red  heat.  Cast  iron  fuses  at  2786°  Fahr.,  but  maUeable 
iron  requires  the  highest  heat  of  a  smith's  forge.  Two  pieces  may 
be  cemented  together  when  red-hot  by  hammering ;  this  is  called 
welding,  and  is  usually  aided  by  the  mixture  of  a  little  sand, 
which  forms  a  fusible  silicate  at  the  surface,  and  prevents  oxi- 
dation. The  iron  obtained  by  the  ordinary  processes,  and  used 
in  the  arts  generally,  contains  sulphur,  phosphorus,  carbon,  and 
titanium.  Its  value  differs  according  to  the  proportion  in  which 
some  of  these  are  present. 
Natttb  Ibon. 

439.  Ieon  ptbites,  Ma/rcasite,  Martial  pyrites,  Mtmdic,  Bisul- 

? buret  of  iron,  containing  iron  47-30,  sulphur  52*70  (Dimorphous, 
Octahedral  and  Hexagonal,  Ee  Sg;  H  =  6  —  6*5,  SG-  =  4*8  —  5-1). 
A  well-known,  very  common  mineral,  of  peculiar  bronze-yellow 
colour,  frequently  round  crystallized  in  cubes,  and  often  radiated, 
or  in  masses  of  various  forms.  It  occurs  in  rocks  of  all  ages,  and 
often  contains  a  little  gold.  It  is  brittle,  strikes  fire  with  steel, 
and  easily  gives  off  a  sulphurous  odour  when  exposed  to  heat. 
Upwards  of  130,000  tons  of  this  mineral  are  used  annually  in 
England,  a  large  proportion  in  the  manufacture  of  sulphuric  acid 
and  carbonate  of  soda.  That  from  Wicklow  is  preferred.  Iron 
pyrites  also  yields  a  large  part  of  the  sulphate  of  iron  of  com- 
merce, and  much  sulphur  and  alum.  It  is  a  mineral  very  liable 
to  spontaneous  decomposition.  White  iron  pyrites  is  a  second 
form  of  the  mineral  crystallizing  in  the  hexagonal  system ;  it  is  a 
little  paler  in  colour  than  the  other,  and  decomposes  yet  more 
readily.     Crticite  is  a  variety. 

Magutetio  ptbites,  Pyrrhotine,  is  a  softer  mineral,  found  chiefly 
in  old  rocks.  It  is  of  a  reddish  colour,  and  probably  consists  of 
Fe  Sg  +  GFe  S,  containing  iron  59*85,  sulphur  40*15. 

440.  Aesei^ioal  pteites,  Mispickel,  consisting  of  iron  34*94, 
sulphur  20*13,  arsenic  43*22  (Fe  S2  +  Fe  As,  Hexagonal,  H  =  5*5 
—  6,  SGr  =  6  —  6*2),  is  a  silver-white  or  almost  steel-grey  mineral, 
generally  crystalliue,  and  occasionally  used  ia  the  manufacture  of 
arsenic,  but  of  little  value.  One  variety  contains  cobalt.  An 
axotomous  variety  is  considered  by  Dufr^noy  a  distinct  species. 
Leucopyrite  is  the  name  given  to  an  arsenical  iron  with  very  little 
sulphur,  and  is  called  by  Haidinger  Lolingite,  It  appears  to  be 
an  impure  arseniuret. 

441.  Magnetic  ieon  gee,  Octahedral  iron  ore,  Oxidulated  iron, 
Magnetite,  Peroxide  and  Protoxide  of  iron  (Octahedral,  H  =  5*5 
— 6*5,  SO-  =  4*9 — 5*2).  Colour  iron  black ;  streak  black ;  brittle. 
A  very  generally  diffused  and  important  ore  of  iron,  common  in 
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the  old  rocks,  and  generally  presenting  iron  71*785,  oxygen  28*215, 
or  peroxide  of  iron  69,  protoxide  of  iron  31,  and  often  1  or  2  per 
cent,  of  silica,  and  some  oxide  of  titanium.  It  is  often  magnetic, 
and  always  strongly  attracted  by  the  magnet.  It  is  usually  in 
octahedrons,  but  occurs  also  in  sand,  and  sometimes  fibrous  or 
amorphous.  Little  of  this  ore  is  found  in  England ;  but  in  Nor- 
way, Sweden,  and  Eussia,  nearly  aU  the  iron,  for  which  those 
countries  are  celebrated,  is  made  from  it.  It  also  forms  the  centre 
of  a  vast  mass  of  iron  ore  in  the  Isle  of  Elba,  and  is  abundant  in 
India,  in  North  America,  in  Mexico,  and  in  Brazil.  Amorphous 
specimens  exhibiting  polarity  are  called  lodestones  or  native  magnets. 
Qillmgite  is  a  variety. 

JF^anklinite  is  a  peroxide  of  iron,  probably  combined  with  manganate  of  zinc. 
It  occurs  chiefly  in  the  state  of  New  Jersey,  U.S.,  and  is  there  considered  a 
valuable  ore.    IsopTume  seems  identical. 

442.  Speoulab  ibon  ore,  Med  hamatite,  MicaceotM  iron,  Oligist^ 
Iron^ghmce,  Peroxide  of  iron  (Hexagonal,  11=5*5 — 6*5,  SQ-= 
5*1 — 5*3).  An  ore  of  iron  present  in  some  of  its  varieties  almost 
everywhere.  Colour  gener^dly  dark  steel-grey,  or  iron-black,  and 
when  crystallized  having  splendid  lustre.  When  pure  the  ore 
contains  69*34  iron,  30*66  oxygen,  and  is  therefore  a  true  peroxide, 
but  it  is  generally  mixed  with  impurities.  The  different  varieties 
have  been  separated  into  two  groups,  including, — 1st.  the  metalloid 
minerals ;  2nd.  the  concretionary,  generally  known  as  red  hsmatite^ 
and  the  red  earthy  oxides. 

The  first  group  contains  Specular  iron,  very  abundant  at  Elba, 
and  in  volcanic  districts,  and  often  presenting  brilliant  iridescence 
with  perfect  metalHc  lustre;  Micaceous  ore,  composed  of  flat 
spangles,  which  separate  on  touching,  and  soil  the  finger;  and 
Olufist,  called  in  Brazil  Itaberite  or  Martite, 

The  second  group  includes  all  the  red  earthy  oxides  of  iron,  from 
the  ochres  to  those  having  metallic  lustre ;  aU  the  red  haematites, 
often  of  brown  colour,  but  forming  a  red  powder,  much  used  in 
burnishing,  and  also  in  mixing  with  poor  iron  ores  in  England ;  the 
compact  red  oxides ;  and  the  hydrous  varieties  found  in  grains. 
JRed  chalk,  Jaspery  clay  iron,  are  varieties,  and  the  Clay  ironstones, 
which  supply  the  vast  manufactories  of  iron  in  England  and  Scot- 
land, are  sometimes  considered  to  be  of  this  kind.  They  are, 
however,  partly  carbonates. 

443.  Beowk  H-HMatite.  Under  this  name  are  included  the 
nimierous  hydrous  oxides  of  iron,  to  which  the  following  names 
have  been  given :  Lepidohrohite,  Idrrmite,  Idmonite,  Brown  iron- 
stone, Gothite,  Pyrrhosiderite,  Chileite,  Oetite,  Oolitic  and  Piso- 
litic  iron  ore,  Twrgite,  Iron  ochre,  and  others.  Its  crystallization 
is  unknown.     11=5  —  5*5,  SQ-=3*4  —  3*95.     It  is  opake;  with 
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a  fine  fibrous  frapcture ;  brown,  yellowish-brown,  yellow,  brownish- 
yellow,  or  blackish-brown  colour ;  and  yellowish-Drown  streak.  It 
contains,  when  piu«,  rather  more  than  80  per  cent,  of  the  peroxide 
of  iron  (66  per  cent,  of  iron),  and  from  12  to  18  per  cent,  of  water. 
Under  the  names  Lepidokrokite,  Oothite,  and  Bubin-aliTnmer,  are 
included  the  crystalline  varieties,  while  the  various  other  minerals 
are  amorphous  or  earthy.  Bo^  iron  ore  is  an  impure  variety,  con- 
taining phosphorus  (§  447).  Gotkite  is  considered  to  differ  from 
the  true  Brown  haematites  by  a  smaller  proportion  of  water. 
SHlpnosiderite  seems  also  a  variety.  Brown  haematite  is  valuable 
in  polishing.  Yellow  ochre  is  a  common  pigment.  Timber  is  a 
mechanical  admixture  of  this  oxide  of  iron  with  hydrous  oxide  of 
manganese  and  clay.  This  mineral,  if  it  occm*  in  sumcient  quantity, 
is  vduable  as  an  ore  of  iron. 

444.  Spathic  ibok,  8parry  iron,  Spathose  iron,  Brown  spa/r, 
Spharosiderite,  Siderite,  Clay  ironstone.  Carbonate  of  iron,  gene- 
rally with  carbonate  of  Hme  (Hexagonal,  H=5-5— 4*6,  S&=3-7 
— 3*9).  A  very  important  ore  of  iron,  widely  distributed  and 
locally  abundant.  Analyses  of  various  specimens  show  that  prot-  ' 
oxide  of  manganese  is  generally  present  with  the  iron,  and  mag- 
nesia with  the  lime,  while  the  per-centage  of  protoxide  of  iron 
Varies  from  under  37  to  nearly  64  per  cent.  (25  to  45  per  cent,  of 
metallic  iron),  with  from  30  to  42  per  cent,  of  carbonic  acid.  There 
is  a  strong  tendency  in  these  crystalline  carbonates  to  assume  a 
spherical  form ;  and  hence  the  name  Siderite  and  SphcerosideHte,  . 
from  the  star-like  radiation  that  results.                                                           | 

Vast  masses  of  the  sparry  carbonate  occur  in  Styria  and  Carin- 
thia,  in  the  duchy  of  Nassau,  in  the  Pyrenees,  in  Bohemia,  and 
elsewhere.     They  are  only  partially  worked. 

Junkerite  is  a  yariety  of  this  mineral.  Thomaite  is  a  carbonate  of  iron  in 
rhombic  prisms.  Mesitine  gpar,  a  carbonate  of  iron  and  manganese,  sometimes 
called  Rhomb  spa/r.  Oligon  spar  is  another  yariety.  AnJcerite  is  a  carbonate 
of  iron  and  lime  with  magnesia  and  man^nese. 

445.  The  Clay  ironstones  of  England,  Wales,  and  Scotland, 
found  and  worked  in  association  with  the  coal  and  limestone  of  the 
carboniferous  period,  contain  from  50  to  nearly  90  per  cent,  of 
carbonate  of  iron,  mixed  with  much  earthy  and  carbonaceous  mat- 
ter. They  are  of  the  first  importance,  owing  chiefly  to  the  almost 
indefinite  quantity  present,  and  the  circumstances  under  which 
they  occur.  The  total  amount  of  iron  made  annually  iii  the  British 
islands,  chiefly  from  these  ores,  in  1854  exceeded  three  millions  of 
tons.    Similar  deposits  occur  in  the  coal  formation  of  Belgium  and 

Silesia. 

The  argillaceous  or  clay  ironstone  is  of  ash-grey  colour,  sometimes  incUning 
to  yellowish  and  bluish,  liso  brown  and  reddish  brown,  passing  into  brownish 
black  and  black,  a  red  colour  being  often  produced  at  the  sur&oe  by  exposure 
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to  weather.  The  oelehrated  Sktck  band  is  one  of  the  richest  varieties.  It 
occurs  in  amorphous  or  flat  tabular  masses,  also  in  globular  and  irregularly 
reniform  masses ;  the  latter  are  sometimes  solid,  sometimes  hollow,  or  enclose  the 
same  substance  in  a  pulyerulent  state.  In  the  latter  case  they  are  termed  OeHtes. 
The  fracture  is  even,  earthy,  sometimes  flat  conchoidal;  occasionally  the  structure 
is  slaty.  It  yields  easily  to  the  knife,  and  is  meagre  to  the  touch.  SG=d*85. 
It  blackens  and  becomes.Tei7  magnetic  before  the  blowpipe.  The  following  is 
the  analysis  of  a  specimen  m>m  Low  Moor  Iron  Works,  near  Bradford,  Tork- 
shire,  called  Black  ironstone^  of  the  specific  grayity  of  3*035,  by  Mr.  Bichard 
Phillips : — Protoxide  of  iron  with  a  trace  of  oxide  of  manganese,  4i3*26;  carbonic 
acid,  29*30 ;  silex  and  alumina,  20*78 ;  carbonaceous  matter,  2*67 ;  lime,  1*89 ; 
moisture,  1*00 ;  loss,  1*1*. 

446.  The  following  analyses  of  clay  ironstone  nodules,  chiefly  from  South 
Wales,  performed  at  the  Museum  of  Economic  G^logy,  will  be  found  usefrdf- 


Name  and  locality  of  the  bed. 


Upper  yein,  Ystradgunlas    . . 
Maesteg  Valley  bed.  No.  2  .. 
SkuikbandyBeaxdiOTt  Iron- Works,  Pontypool 
Maesteg  Ysdley,  No.  3,  Lower  black  band . 

Pendami  red  yein 

A  bed,  Ystradgunlas 

Slack  band,  I^narkshire,  N.B. 

Maesteg  Valley  bed,  No.  1  

Nodules,  Aberpergwm 

Pendaren  Jack  yein 

Cwm  Ayonbed 
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■M 


?3 
la 


41-6 
38*5 
38*4 
36-8 
36-4 
34*9 
33*7 
30*7 
29*4 
26*6 
24-6 


86*0 
79*9 
79*5 
76*4 
75*4 
72*4 
70*0 
63*9 
60-9 
55*6 
5104 


3 


li 

la 


6*6 
16-4 
110 


230 
100 


2216 


14*0 
13-5 

4*1 
12*6 
24*6 
27-6 

7*0 
261 
39*1 
44*5 
26*80 


447.  The  phosphates  of  iron  are  numerous,  and  possess  some 
interest.     The  most  common  is  that  first  named. 

VryiANiTB,  Anfflarife,  MulMcitey  Blue  phosphate  of  iron  (Monoclinic,  H=2, 
SG=2'66).  There  are  two  yarieties  of  this  mineral,  one  crystalline  and  the 
other  earthy.  The  former  contains  Phosphoric  acid,  26*99 ;  iron  protoxide,  42*10 ; 
water,  28*50.  The  latter  or  earthy  yariety  contains  more  iron.  Phosphate  of 
iron  is  often  found  as  an  incrustation,  and  is  sometimes  used  as  a  pigment. 
The  earthy  mineral  is  called  Native  Prussian  blue,  Alluandite  is  a  yariety.  This 
mineral  is  found  in  many  European  coimtries  and  in  yarious  parts  of  America, 
especially  Canada,  often  in  the  earthy  friable  state  caUed  Soff  iron'ore.  This 
species  seems  to  be  an  impure  earthy  phosphate  combined  with  manganese  and 
a  large  per-centage  of  water.  It  is  earthy,  friable,  and  amorphous ;  colour 
brown-yellow,  blackish-brown,  or  grey  j  sometimes  yery  abundant,  and  used  in 
the  manu£BU!ture  of  iron,  though  not  weU  fitted  for  that  purpose,  owing  to  the 
piesence  of  phosphorus.  It  is  supposed  to  be  deriyed  from  the  decomposition 
of  other  rocks.  It  is  found  rather  abundantly  in  Scotland  and  England,  and 
contains  about  66  per  cent,  oxide  of  iron.  Excellent  iron  is  made  from  Bog 
iron-ore  in  Canada. 

•  Phillip0*i  "  Mineralogy,''  Srd  edit.  p.  237. 

t  "  Memoirs  of  G«ological  Surrey  of  Great  Britain,**  vol.  i.  p.  186. 
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DiTFB^NiTB,  Green  phosphate  of  iron  (Phosph.  ao.  28*42 ;  iron  protoxide, 
57-60 ;  water,  1215). 

DKLYATTxnrB,  Brown  phosphate  of  iron  (Phosph.  ac.  13*60 ;  iron  protoz.  29 ; 
carb.  lime,  11 ;  water,  42*20). 

Kaeoxeite,  Hydrous  phosphate  of  iron  and  alumina. 

448.  The  following  are  silicates  of  iron.  Others  containing  also 
alumina  have  been  already  described  (§  377),  and  some,  as  Green- 
earth  or  Glauconite,  hardly  admit  of  definite  description.  Some 
are  used  as  ores. 

Fayalite  (Sil.  80,  protox.  iron  60),  found  natiye  and  in  refinery  cinder. 

Yenite,  Jenitej  JA^vrite,  Ilvaite,  is  a  siHcate  of  iron  and  lime,  containing 
upwards  of  50  per  cent,  of  oxide  of  iron.  Wiehrlite  is  a  varietj.  Polyadbl- 
PHITE  is  another  sihcate  of  iron  and  lime,  containing  less  iron  (about  22  per 
cent.)  and  some  maenesia  and  alumina.  Achmite  is  a  sihcate  of  iron  and  soda, 
and  Kbokidolite  \Croc%doUte)  is  a  sihcate  of  iron,  magnesia,  and  soda.  CoH- 
MnrGTONiTE  is  a  siHcate  of  iron,  manganese,  and  soda. 

Bebthxebite,  Chamoisitef  a  siHcate  and  aluminate  of  iron.  This  mineral, 
containing  60  per  cent,  of  protoxide  of  iron,  is  obtained  in  abundance  from  the 
greensand  of  Oiamoisin  in  the  Yalais,  near  St.  Maurice  in  Switzerland,  where  it  is 
worked  as  an  ore.  It  is  attracted  by  the  magnet  j  and  there  are  several  varieties 
furnishing  three  sorts  of  ore,  the  brown,  blue,  and  grey,  all  ooUtic  and  bedded. 

Ceonstedtite,  Chloromelane,  is  a  siHcate  of  iron,  manganese,  and  mag- 
nesia.    SideraschisolUe  is  very  similar,  but  contains  more  iron. 

HisiNOEBiTE  is  another  siHcate  of  iron,  and  with  it  are  associated  the  fol- 
lowing minerals — Stilpnomelaney  Chlor(ypale,  Serbeckite,  Fetthol,  Verona  earth, 
Nontromtey  Anthosiderite,  Xylitey  Thraulite,  Finffuite,  Fok/hydrite, 

Pybosmalite  is  a  siHcate  with  14  per  cent,  of  muriate  of  iron. 

449.  The  following  are  sulphates,  arseniates,  oxalates,  and  other 

salts  of  iron. 

VoLTAiTE,  Sulphate  of  iron  with  some  potash. 

CoppEBAS,  Mi^j  Melanterite,  Sulphate  of  protoxide  of  iron. 

Neoflase,  Botryogen,  Bed  siilphate  of  iron.  Sulphate  of  the  protoxide  and 
peroxide. 

CoQxnirBiTE,  Sulphate  of  the  peroxide  with  water.  This  is  white,  and  Yellow 
sulphate  {Copiapite)  is  another  sulphate  of  the  peroxide  found  encrusting 
Coquimbite. 

Fhabhacosidebite,  Cube  ore,  Arseniate  of  iron.  Seudawtite  is  a  very  impure 
variety  containing  much  lead. 

ScoBODiTE,  Neoctese,  Symplesitey  another  arseniate  of  iron. 

Absenio-sidebite,  Arseniate  of  iron  and  lime. 

PiTTiziTE,  Iron-sinter,  and  Mbro-ferrite,  are  sulphates,  phosphates,  and 
arseniates  of  the  peroxide  of  iron. 

HxTHBOiiDTiKE,  or  Oxalite,  is  an  oxalate  of  iron. 

WoiiPBAM,  Tungstate  of  iron  and  manganese  (ScheeHc  add,  75;  iron  prot.  10 
to  20 ;  manganese  protox.  8  to  15)  (H=5'5,  SG-=7),  found  with  oxide  of  tin. 
See  §404. 

Ckbomite,  Chromate  of  iron.    See  §  408. 

COBALT. 

450.  The  metal  Cobalt  is  of  reddish  steel-grey  colour,  brittle, 
rather  soft,  and  capable  of  taking  a  high  poUsh.  SG=8*5.  It 
alters  less  than  iron  on  exposure  and  is  rather  less  fusible.     It  has 
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not  been  found  native,  and  the  metal  is  not  employed  in  the  arts, 
but  its  oxides  are  very  valuable,  yielding  a  blue  colour,  much 
used  under  the  names  smalt  and  zqffre  m.  the  manufactures  of 
porcelaiQ  and  pottery.  They  are  also  used  as  pigments.  "  Cobalt 
blue"  or  "Thenard's  blue"  are  colours  prepared  from  the  phos- 
phate, and  largely  used  by  decorative  painters  and  sometimes  as 
a  substitute  for  ultramarine.  These  are  also  employed  in  colour- 
ing glass  and  in  painting  on  porcelain.  The  impure  oxides  em- 
ployed in  the  arts  are  chiefly  produced  from  the  arsenical  ores 
and  the  earthy  oxide.  About  650  tons  weight  of  zaflfre  are 
annually  obtained  from  various  parts  of  Gfermany,  and  200  tons  of 
smalts  from  Norway.  Zqffre  is  the  impure  oxide  and  of  an  intense 
blue  colour.  When  melted  with  three  parts  of  sand  and  one 
of  potash  it  forms  a  blue  glass,  and  this  pounded  very  small  is 
called  smalts.  So  intense  is  the  blue  afforded  by  zaffi*e  that  one 
grain  will  give  a  ftdl  blue  to  240  grains  of  glass.  Cobalt  is  gene- 
rally found  in  nature  combined  with  nickel  and  arsenic,  and  the 
ores  are  difficult  of  reduction.  The  ores  without  metallic  lustre 
have  a  reddish  colour ;  those  with  metallic  lustre  are  tin-white  or 
pale  steel-grey. 

Cobalt  pybites,  Lvn/nMtey  Kohaldi/ne^  Sulphuret  of  cobalt  (Cobalt  58,  sul- 
phur 42).    Sylpoorite  is  another  sulphuret  from  India  (Cobalt  65,  sulphur  85). 
G-LAUOODOTE,  Sulphuret  and  arseniuret  of  cobalt ;  in  chloritic  slate  in  Chile. 

451.  Smaltdoj,  Arsenical  cobalt,   Tin-white  cobalt   (Co  Asg, 

Octahedral,  11= 5*5,  SG=6*4 — 7*3).     A  tin-white  or  steel-grey 

mineral,  with  dark  grey  or  iridescent  tarnish.     (3-ives  off  garlic 

fumes  when  heated.     The  cobalt  varies  from  18  to  23'5  per  cent. 

and  the  arsenic  from  79  to  69  per  cent,    A  variety  with  from  9  to 

14  per  cent,  of  cobalt  is  called  JRadiated  white  cobalt. 

CoBALTnTE,  ^afflorite,  Skutterudite,  Ghretf  cobalt^  other  arsenical  cobalts. 
Danaite  is  a  yariety.     Bismuth  cobalt  is  another  yariety. 

452.  Eabtht  cobalt,  Asbola/ne,  Peroxide  of  cobalt  (H=l — 1*5, 
SG= 2*2 — 2*6) .  Obtained  with  oxide  of  manganese.  Colour  black 
or  blue-black.  Very  variable  in  the  quantity  of  cobalt  it  yields, 
and  at  present  little  used.  Found  in  Germany,  the  Ural,  and 
England,  and  abundantly  in  Missouri  and  Carolina  in  the  United 
States.     Horn  cobalt  seems  a  variety. 

453.  CoBAiiT  BLOOM,  Erytlirvne,  Peach-blossom  ore,  Bed  cobalt 
ochre,  Arseniate  of  cobalt  (Monoclinic,  H=2*5,  S(3-=2*9 — 3). 
Found  with  other  cobalt  ores,  and  as  an  incrustation.  It  is  valu- 
able as  an  ore  of  cobalt.  Colour  peach  and  crimson  red ;  trans- 
parent. Consists  of  oxide  of  cobalt,  39*2;  arsenic  acid,  37*9; 
water,  22*9.  Boselite  and  La^enduline  are  probably  identical. 
Arsenite  of  cobalt  results  from  the  decomposition  of  this  and 
various  arsenical  ores. 
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BiBBBBiTE,  Cobalt  vUriolf  HydrouB  sulphate  of  cobalt,  oontakiB  from  20  to  25 
per  cent,  of  oxide  of  cobalt;  found  massiye  in  old  mines  with  other  ores  of  cobalt. 

NICKEL. 

454.  Nickel  is  of  brilliant  white  or  greyish  colour,  ductiLe,  more 
malleable  than  cobalt,  and  capable  of  being  rolled  and  drawn  into 
wire.  SG=8'8.  At  low  temperatures  it  is  as  magnetic  as  iron, 
but  loses  this  property  when  heated.  It  is  rather  less  fusible  than 
iron.  It  is  a  useful  and  rather  valuable  metal,  found  native  in 
meteoric  iron,  and  associated  with  arsenic  in  various  ores,  none  of 
them  very  abimdant.  It  accompanies  cobalt  and  silver,  and  some- 
times copper.  It  does  not  oxidize  on  exposure  at  ordinary  tern- 
peratures.  An  alloy  of  this  metal  with  copper  and  zinc  is  much 
used  as  a  substitute  for  silver  plate  in  German  silver,  the  usual  pro* 
portions  being,  copper  100  parts,  nickel  4,  and  zinc  6.  The  White 
copper  of  G^ermany  is  a  similar  alloy.  The  Ftushfong  or  Tutenague 
of  the  Chinese  is  also  nickel  with  copper  and  zinc,  but  with  the 
admixture  of  silver,  cobalt  and  iron.  Some  of  the  ores  of  nickel 
have  a  metallic  lustre  and  pale  colour,  others  are  green. 

EiSEN  KiCEELKiES,  SulphuTct  of  iron  and  nickel  (Nickel,  2211;  iron,41'0i{ 
sulphur,  35*95). 

Nickel  ptbites,  CapUlartf  pyrites,  JHUlerite,  Sulphuret  of  nickel  (Nickel 
64-86,  sulphur  35-14). 

Bismuth  iqceel,  Sulphuret  of  nickel  and  bismuth. 

455.  COPPEB  NICKEL,  NicJceline,  Kupfer-niclcel,  Arsenical  nickel 
(Hexagonal,  H=6-6,  SG=7*3 — 7*7),  contains  nickel,  44;  arsenic 
54;  the  arsenic  sometimes  replaced  by  antimony.  Colour  pale 
copper-red.  Brittle.  Metallic  lustre.  Found  with  cobalt  and 
silver  in  veins  (generally  in  old  rocks),  in  Saxony,  Bohemia,  and 
Styria,  and  rarely  in  Cornwall  and  Scotland.     Used  as  an  ore. 

White  kioesl,  RammeUhergite,  CloawthUe,  other  arsenical  ores,  much 
poorer  in  nickel,  and  not  containing  more  than  28  per  cent,  with  70  per  cent,  of 
arsenic  and  a  little  bismuth  or  cobalt. 

Flacodiio:,  a  third  ore  also  arsenical,  with  57  per  cent,  nickel. 

Nickel  glance,  QeradorffUe,  IHsomose,  Amoibite,  a  fourth,  with  28  to  38  per 
cent,  nickel,  45  to  50  per  cent,  arsenic,  a  Uttle  iron,  and  15  to  20  per  cent,  sulphur. 

Antimonial  nickel,  BreithaupUte,  contains  nickel,  29  to  33;  antimony, 
63  to  68,  and  is  therefore  represented  by  Ni  Sb. 

Nickel  stilbike,  Ullmanmte,  an  antimonial  sulphuret  of  nickel. 

Nickel  GBEEN,  Tombazite,  Annoibergite,  Hydrous  arseniate  of  nickel.  Con- 
tains 36  per  cent,  of  oxide  of  nickel. 

Baetht  oxide  oe  nickel. 

Gbeen  hydbate  ot  nickel. 

FiMELiTE,  a  clay  containing  15  per  cent,  of  oxide  of  nickel. 

COPPER. 

456.  This  very  important  metal  has  been  known  from  the  earliest 
times,  and  is  used  in  a  vast  variety  of  operations  in  the  arts.  It 
is,  when  pure^  of  a  peculiar  and  characteristic  red  colour,  and 
transmits  a  beautiful  green-coloured  light  when  in  extremely  thin 
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pellicles,  obtained  by  a  chemical  process.  Its  density  varies. 
SG=8*78 — 8*96.  It  acquires  a  disagreeable  odour  by  rubbing, 
and  has  a  distinct  taste.  It  melts  at  the  temperature  of  1996° 
Fahr.,  and  at  a  white  heat  bums  with  a  green  flame.  It  is  very 
malleable,  being  reduced  by  hammering  into  thin  leaf,  and  it  is 
also  capable  of  being  drawn  into  very  fine  and  strong  wire.  A 
thread  whose  diameter  is  -nyth  of  an  inch  supports  a  weight  of  300 

Cmds.  Copper  is  one  of  the  most  sonorous  of  all  metals ;  it  is 
der  and  more  elastic  than  silver.  It  bears  exposure  to  diy  air 
perfectly  unaltered,  but  damp  air  and  acid  vapours  convert  it  into 
a  green  substance,  called  verdigris  (an  acetate  of  copper). 

Copper  is  found  native  in  Cornwall,  in  the  Ural  Mountains,  in 
China,  and  in  Brazil,  either  in  octahedral  crystals  (H=2*5— 3, 
SG"=8'68)  or  in  threadlike,  mosslike,  or  arborescent  shapes, 
generally  in  granite  or  metamorphic  rocks,  and  especially  at  their 
junction.  It  generally  contains  silver.  It  is  also  found  native  in 
very  large  masses  in  volcanic  rocks  on  the  shore  of  Lake  Superior, 
where  one  lump  has  been  quarried  whose  weight  was  estimated  at 
80  tons ;  it  measured  60  feet  in  length,  6  feet  deep,  and  averaged 
6  inches  in  thickness.  Silver  is  not  associated  with  these  masses 
in  the  shape  of  alloy,  but  intimately  mixed  in  grains  and  strings. 

The  chief  ores  of  copper  from  which  the  metal  is  obtained  for 
the  market  are  the  yellow  and  grey  sulphurets,  the  oxide,  and  the 
carbonate.  The  solutions  of  the  sulphate  also  peld  some  portion. 
The  quantity  of  metal  obtained  from  Europe  is  about  26,000  tons 
annually ;  in  addition  to  which  a  large  quantity  of  ore  is  brought 
from  Cuba,  Chili,  South  Australia,  and  lately  fiim  North  America 
and  the  Cape  of  Good  Hope.  The  ores  from  Cornwall  and  Devon 
alone  yield  about  12,000  tons  annually.  The  quantity  of  copper 
ore  reduced  at  Swansea  annually  is  about  200,000  tons,  yielding 
20,000  tons  of  metal. 

Copper  is  used  by  itself  as  a  metal  very  extensively  in  the  manu- 
facture of  machinery  of  various  kinds  and  in  sheathmg  ships'  bot- 
toms. It  is  also  alloyed  with  tin  in  bronze,  specuht/m  metal,  and 
hell-metal ;  with  zinc  in  brass,  pinchbeck,  tombac,  and  Dutch  gold, 
and  with  nickel  in  German  silver ;  Malachite  (the  green  carbonate) 
is  worked  for  ornamental  purposes ;  Azwrite  (the  blue  carbonate) 
is  used  occasionally  as  a  gem ;  and  the  sulphates  are  valuable  in 
dyeing.  Other  salts  are  employed  in  the  manufacture  of  blue  and 
green  colours  and  in  medicine. 

457.  ViTEEors  coppee  gee,  Bedruthite*    Bisulphuret  of  cop- 
per, containing  sulphur,  20*6;  copper,  77 ;  iron,  1*6  (Ehombic;  11= 
2*5,  SQ-=5*5 — 5*8).     Colour  bkckish  lead-grey,  tarnishing  blue 
or  green ;  lustre  duU.     Fusible  in  the  flame  of  a  candle ;  soluble 
in  nitric  add.     Resembles  sulphiu^t  of  silver,  but  is  easily  distin- 
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guishable  by  the  blowpipe  button  or  by  the  colour  of  the  solution 
in  nitric  acid,  which  is,  in  this  mineral,  green.  This  is  one  of  the 
most  important  of  the  rich  ores  of  copper,  and  is  found  with  other 
ores  in  Cornwall,  Scotland,  Saxony,  Silesia,  Norway,  Siberia,  and  the 
United  States.  It  passes  into  Bldch  copper  ore,  and  is  accompanied 
by  Variegated  vitreous  copper ,  which  is  a  variety .  Digenite  is  a  variety 
containing  70  per  cent,  of  copper  and  of  lower  specific  gravity. 

Stbomeyebitb,  Sulphuret  of  silver  and  copper  (H«2*5 — 8,  SO- =6*2 — 6*3), 
found'massive  or  crystalline.  Contains  silver,  52*9 ;  copper,  31*4 ;  and  sulphur, 
15'7.     Colour  like  the  former,  but  with  brighter  lustre. 

Blue  coppeb,  Covelline,  Indigo  copper,  Sulphuret  of  copper  (Cu  S,  sulphur, 
32;  copper,  66  i  H:«2  Sa=3-8). 

SsLENiTJBBT  OF  COFFEB,  SerzeUnc*  Silver  white,  soft  and  malleable  (Copper, 
64 ;  selenium,  40). 

EiTKAiBiTE,  Seleniuret  of  silver  and  copper  (Silver,  43*08 ;  copper,  25*29  $ 
selenium,  31*63). 

458.  CoppEE  PTBITES,  Towcmite,  Chalkopyrites,  Sulphuret  of 
copper  andiron  (Sulphur,  34*91;  copper,  34'65;  iron,  30*64 ;  Square 
Prismatic,  H= 3*5—4,  S(3-=4*17).  This  is  the  most  important 
and  most  abundant  ore  of  copper  in  England,  Sweden,  Cuba,  South 
America,  and  various  other  places.  It  occurs  in  tetrahedral  or 
octahedral  crystals,  and  in  dendritic  forms,  but  most  frequently 
massive.  It  is  of  brass-yellow  colour,  high  metallic  lustre,  and 
frequently  iridescent  {Peacock  ore).  It  is  often  much  mixed  with 
iron  pyntes.  It  resembles  native  gold  and  iron  pyrites,  and 
sometmies  tin  pyrites,  but  is  easily  distinguished  by  its  greater 
hardness  and  shade  of  colour  from  the  first-named  mineral,  by  its 
less  considerable  hardness  from  the  next,  and  by  its  behaviour 
under  the  blowpipe  from  the  last..  It  varies  much  in  composition. 
The  better  class  of  ores,  when  entirely  separated  from  aU  earthy 
impurities,  contain  from  30  to  35  per  cent,  copper,  30  to  32  per 
cent,  iron,  and  about  36  per  cent,  smphur,  with  frequent  traces  of 
sUver  and  gold.  The  average  quantity  of  metallic  copper  yielded 
by  the  ore  after  being  dressed  in  the  usual  manner,  varies  from  6 
to  25  per  cent.  A  remarkable  decomposed  sulphuret  of  copper 
passing  into  oxide  has  been  found  in  ^antic  veins  at  a  moderate 
depth  in  the  States  of  Tennessee  and  Virginia  in  North  America. 

BoBifiTE,  Purple  copper.  A  richer  sulphuret,  containing  copper,  55*57;  iron, 
16'37;  sulphur,  28'06.  Specimens  sometimes  show  as  much  as  70  per  cent,  of 
copper,  the  iron  being  reduced  to  6  or  7  per  cent.  It  is  usually  massive.  It  is 
much  softer  and  rather  heavier  than  copper  pyrites. 

OiTBAirB,  another  sulphuret  found  in  Cuba,  and  containing  only  23*35  per 
cent,  copper.    It  is  easily  fusible  before  the  blowpipe. 

459.  Q-EET  COPPEB  QBE,  Fdhlerz*  A  mixed  sulphuret,  contain- 
ing sulphur  36,  antimony  24,  copper  35,  or  thereabouts,  with  vari- 
able proportions  of  arsenic,  zinc,  and  silver.  It  corresponds  with 
another  ore,  called  Silver  Fahlerz,  in  which  silver  replaces  the 
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copper.      H=8-5,   SG=4*6 — 6.      Brittle.      Colour  steel-gray; 
bright  metallic  lustre. 

Tennantite,  Arseniferous  grey  copper.    Sulphur,  28*11  j  copper,  41*07. 
Absekical  coffeb.    Copper,  80 ;  arsenic,  18*88,  with  zinc,  iron  and  lead. 
DoMEYEiTE.    Copper,  71 }  arsenic,  28. 

460.  Eed  coppee  oee,  Owprite  (Cu^O),  contains  copper,  88*78 ; 
oxygen,  11*50.  (II=3-5 — 4,  SG=6.)  It  has  a  deep  red  colour 
of  various  shades,  and  is  found  crystalline,  massive,  and  earthy,*  but 
is  not  in  sufficient  abundance  to  be  used  as  an  ore.  A  variety, 
of  brick-red  colour,  occurs  in  Siberia,  and  is  called  by  the  German 
mineralogiats  Ziegel-erz^  or  tile-ore. 

461.  Tenobite,  Black  oxide  of  copper,  is  a  valuable  ore  in 
many  mines.  It  occurs  in  duU,  black,  earthy  masses,  soiling  the 
fingers.  It  yields  60,  70,  or  even  80  per  cent,  of  copper,  and  is 
considered  to  be  a  natural  protoxide,  but  often  contains  sulphur, 
and  is  most  Kkely  the  product  of  the  decomposition  of  other  ores. 
When  found  with  other  copper  ores,  there  is  little  danger  of  mis- 
taking this  mineral.  In  other  cases,  as  it  resembles  the  oxides  of 
manganese  and  cobalt,  it  may  be  distinguished  by  the  colour  given 
to  the  button  of  glass,  obtained  imder  the  blowpipe.  In  the  pre- 
sent mineral  it  is  emerald-green,  in  manganese  violet,  and  in  cobalt 
rich  blue. 

462.  AzuEiTB,  Chessylite,  Blue  carbonate  of  copper.  A  deep 
blue  or  azure-coloured  mineral  (Monoclinic,  H=3*6,  SG=3*83;, 
containing  carb.  ac.  24,  ox.  copper  70,  water  6 ;  generally  crystal- 
line, but  also  amorphous.  Found  in  beautiful  crystals  at  Chessy 
in  France,  in  Siberia,  lately  in  South  Australia,  and  elsewhere. 
When  abundant  it  is  valuable  as  an  ore  of  copper. 

463.  Malachite,  Green  carbonate  of  copper  (Monoclinic, 
H=2*5,  SG=4).  Contains,  carb,  ac.  18,  deut-ox.  copper  70*6, 
water  11*6.  This  beautiful  ore,  remarkable  for  its  rich  velvet-green 
colour,  is  probably  in  all  cases  an  incrustation  or  deposit  from 
aqueous  solution.  TiU  lately,  it  was  only  found  abundantly  in 
Siberia,  at  Nijny-Tagilsk,  whence  very  large  quantities  have  been 
obtained,  and  where  the  finer  specimens  are  greatly  valued  as  an 
ornamental  stone.  Within  the  last  few  years  the  mines  of  South 
Australia  have  proved  extremely  rich  in  the  same  kind  of  ore,  and 
it  is  now  worked  commonly,  and  to  great  advantage,  for  the  metal. 
It  may  be  recognized  by  its  colour,  which,  however,  resembles  that 
of  several  salts  of  copper,  lead,  and  uranium.  Malachite  may  be 
distinguished  by  its  silky  texture,  and  its  complete  solution,  with 
effervescence,  in  nitric  acid. 

BuaATiTB,  Hydro-carbonate  of  zinc  and  copper,  §  427. 

Mysobine  (Cu  C  ),  Anhydrous  carbonate  oi  copper.  • 

Atacamite,  Chloride  of  copper. 

L  2 
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BSHOLINITE,  Muriate  of  copper. 

SULFHATO-OHIiOBIDE  OT  COFFEB. 

464.  Chbysocolla,  Hydro-silicate  of  copper.  A  bright  or 
bluish-green,  massive  or  earthy  mineral,  found  in  Siberia  and 
America,  containing  from  40  to  53  per  cent,  of  oxide  of  copper  and 
17  per  cent,  of  water,  and  sometimes  used  as  an  ore.  It  is  distin- 
guished from  malachite  by  its  residuum  after  exposure  to  the  action 
of  nitric  acid. 

DiOFTABE,  Silicate  of  copper,  contains  about  50  per  cent,  of  oxide  of  copper. 

465.  Blue  Vitbiol,  Sulphate  of  copper,  occurs  native  with  the 
sulphurets  of  copper  as  the  result  of  decomposition.  It  is  a  soluble 
salt,  and  easily  recognized  by  its  nauseous  metallic  taste.  Sul- 
phate of  copper  is  common  in  deserted  parts  of  mines  in  a  massive 
or  stalactitic  form,  and  also  as  dissolved  in  the  water  there  lefb 
standing. 

Lettsohite,  Velvet  copper  ore,  is  a  hydrous  sulphate  of  copper  and  alumina, 
with  about  48  per  cent.  ox.  copper  and  11  per  cent,  alumina. 

Bbochantite,  Sub-sulphate  of  copper,  insoluble.    Komgite  is  identical. 

466.  The  following  phosphates  and  arseniates  of  copper  are  of  no 
value  in  the  arts.  The  arseniates  give  the  garlic  odour  before  the 
blowpipe.  The  phosphates  give  no  fumes,  and  exhibit  the  reaction 
of  phosphoric  acid. 

LiBETHEiiiTTE,  Apherese,  Phosphate  of  copper  (ox.  copper  66*7,  ph.  ac.  28*7, 
water  4*3),  isomorphous  with  Olivenite,  OHve  green,  in  crystals  and  masses. 
Ehlite  and  Lmmite  are  Tarieties. 

Phosfho-chalcitb,  Tpoleine,  Hydro-phosphate  of  copper  (ox.  cop.  62*8, 
ph.  ac.  21*7,  water  15*5).     TromhoUte  and  Felocromte  are  varieties. 

KoNiCHALCiTE,  an  arseniate  and  phosphate  of  copper  and  lime ;  found  in 
Andalusia. 

Afhakesite,  KUnoclctse,  Ahichite  (ox.  cop.  62*8,  ars.  ac.  27,  water  7'5). 

CoNDUEEiTE  (ox.  cop.  60*5,  ars.  ac.  26,  water  9). 

Ebinite  (ox.  cop.  59*4,  ars.  ac.  83*8) ;  foimd  in  reniform  masses  in  Limerick. 

Olivenite  (ox.  cop.  58,  ars.  ac.  21,  water  20). 

CoENWAiiLiTE  (ox.  cop.  55,  ars.  ac.  30,  ph.  ac.  2,  water  12)  j  found  massive 
with  oUvenite  in  Cornwall.     Colour  greenish. 

Tamabite,  ChalJcophyllite  (ox.  cop.  45  to  50,  ars.  ac.  17  to  21,  water  22  to 
30,  with  phosphate  of  alumina  and  some  iron)  ;  with  copper  ores  in  Cornwall. 
Emerald  and  grass-green,  crystalline. 

Etjckboite  (ox.  cop.  47*5,  ars.  ac.  34,  water  19).     Copper  froth  is  a  variety. 

LiBOCONiTE  (ox.  cop.  36,  ars.  ac.  22*5,  water  25). 

Tybolite,  Copper  froth  (ox.  cop.  44,  ars.  ac.  25,  water  17*6,  carb.  lime  13*5), 
bluish-green  colour;  found  crystallme  and  massive  in  the  Tyrol  with  other  copper 
ores. 

VoLBOBTHiTE,  Yanadiatc  of  copper. 

Noble  Metals, 

467.  This  group  consists  of  metals  reducible  by  heat  alone.  All 
of  them  occur  native,  and  most  of  them  resist  oxidation  in  a  very 
remarkable  manner.     The  greater  number  are  extremely  rare,  and 
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exist  only  in  small  quantities.     Others  are  widely  distributed,  but 
are  also  in  small  quantity. 

MEECURY. 

468.  Mercury  is  found  native  in  association  with  the  sulphuret 
or  chloride,  the  only  ores.  It  is  fluid  at  ordinary  temperatures, 
has  a  tin-white  colour  and  brilliant  lustre.  80-= 13*596  at  the 
freezing-point  of  water,  and  14*4  when  solid.  It  solidifies  at  —39° 
Fahr.  and  boils  at  680°  Fahr.  It  volatilizes  very  easily.  Its  prin- 
cipal use  is  in  the  preparation  of  silver  and  gold.  When  soHd, 
mercury  is  malleable.  In  its  ordinary  state  it  combines  very  readily 
with  some  metals,  as  gold,  silver,  and  tin.  It  tarnishes  readily  on 
exposure. 

In  addition  to  the  use  of  mercury  in  the  amalgamation  of  the 

ores  of  the  precious  metals,  it  is  employed  in  gilding,  in  silvering 

mirrors,  in  filling  thermometer  and  barometer  tubes,  and  in  various 

philosophical  instruments.     The  salts  of  mercury  are  used  in 

medicine. 

Native  mbbottby. 

Native  ahaloah  (Mercury  and  silver,  with  64 — 12  per  cent,  of  mercury). 

469.  CiNWABAE,  Sulphuret  of  mercury  (HgS,  H=2'5,  SG= 
8*098),  contains  86*29  per  cent,  of  mercury.  The  principal  ore  of 
mercury.  Colour  bright  red  to  brownish-red;  streak  red.  Pound 
crystalline  in  tabular  or  six-sided  prisms,  and  massive.  Sectile ; 
nearly  opake.  It  occurs  with  talcose  and  argillaceous  slate,  or 
with  porphyries,  in  rocks  of  various  ages,  and  is  volatile,  and  easily 
reduced.  The  principal  mines  in  Europe  are  in  Idria,  Almaden 
in  Spain,  and  the  Palatinate  (on  the  Bnine  near  Bingen) ;  it  is 
also  found  in  Peru,  Chili,  and  Mexico ;  and  very  lately  abundantly 
in  California.  It  is  used  as  a  pigment,  under  the  name  vermilion, 
but  chiefly  in  the  preparation  of  the  metal  by  distillation. 

"KoKS  QTTICKSILVBB,  Calomel,  Murictte  of  mercury,  Chloride  of  mercury,  a 
tough  sectile  ore  found  maBsiye  or  in  crystals  coating  dnnabar  in  the  Almaden 
and  Ober  Moschel  (Bhine)  mines. 

Iodic  mbectjby,  Coccmite,  Iodide  of  mercury.    Found  in  Mexico. 

Onoeeite,  Seleniuret  and  sulphuret  of  mercury. 

SILVEE. 

470.  This  important  and  valuable  metal  is  very  widely  distri- 
buted over  the  earth,  and  is  found  either  native;  in  ores,  combined 
with  oxygen,  sulphur,  and  chlorine;  or  with  other  metals,  of  which 
antimony,  iron,  arsenic,  lead,  copper,  bismuth,  and  cobalt  may  be 
mentioned  as  the  principal.  It  is  usually  found  in  veins  in  granite 
and  other  porphyritic  rocks,  gneiss,  and  various  metamorphic  rocks, 
and  occasionally  in  limestones,  sandstone,  and  shales,  of  different 
geological  periods. 
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Silver  is  distinguished  by  its  beautiful  white  colour  and  brilliant 
lustre,  which  does  not  readily  tarnish  on  exposure,  unless  sulphur- 
ous vapours  are  present.  "When  perfectly  polished  it  reflects  more 
light  and  radiates  less  heat  than  any  other  metal.  Its  specific 
gravity  is  10*47.  It  is  harder  than  gold,  but  softer  than  copper 
(H=2'5  to  3),  and  the  addition  of  a  small  aUoy  of  copper  hardens 
it.  Next  to  gold,  it  is  the  most  malleable  metal,  and  it  has  also 
great  tenacity,  a  wire  of  -^tli  of  an  inch  supporting  nearly  200 
pounds.  It  fiises  at  a  white  heat  at  the  temperature  of  1873° 
Fahr.,  and  absorbs  a  large  quantity  of  oxygen  gas  when  kept  long 
in  a  pure  state  melted  and  exposed  to  the  air.  It  has  been  beaten 
into  leaves  ioo6  6^^  ^^  *^  ^^  ^  thickness,  and  drawn  into  wires 
finer  than  the  human  hair.  It  is  flexible.  It  is  acted  on  by  nitric 
and  sulphuric,  but  by  no  other,  acids. 

Silver  is  obtained  chiefly  from  the  sulphurets,  often  in  combina- 
tion with  lead  and  antimony ;  also  from  the  chloride,  and  native 
silver.  South  America  has  supplied  the  largest  part,  although  the 
mines  of  Saxony,  Bohemia,  Hungary,  Spain,  Norway,  the  Hartz, 
Austria,  and  Riissia,  as  weU  as  many  in  Asia,  have  yielded  enor- 
mous quantities.  It  is  estimated  that  the  value  of  the  silver  raised 
annually  amounts  to  more  than  5,000,000  of  pounds  sterling. 

The  uses  of  silver  are  numerous  and  for  the  most  part  well 
known.  In  its  pure  state  it  is  too  soft  for  coin,  plate,  and  other 
economic  purposes,  requiring  an  alloy  of  copper,  by  which  it 
becomes  much  harder  without  material  alteration  of  colour  or  other 
properties.  The  standard  silver  of  British  coin  is  an  alloy  of  18 
dwt.  of  copper  to  11  oz.  2  dwt.  of  pure  silver ;  the  pound  troy  of 
12  ounces  being  coined  into  66  shillings.  In  the  arts  silver  is 
employed  in  silvering  or  plating  other  metals  either  by  a  thin 
coating  of  the  solid  metal,  by  solutions  of  silver,  or  by  the  process 
of  electrotyping.  The  oxide  of  silver  is  used  in  giving  a  yeUow 
colour  in  porcelain  painting ;  the  nitrate  is  used  in  surgery  as  a 
caustic,  and  mixed  with  alcohol  it  forms  a  Mminatinff  powder  used 
in  the  preparation  of  percussion  caps,  lucifer  matches,  &c.  The 
iodides  and  nitrates  of  silver  are  important  ingredients  in  various 
chemical  and  physical  processes. 

Native  silveb  is  Bometimes  combined  with  from  10  to  15  per  cent,  of  copper 
or  bismuth,  and  is  often  crystallized  in  octahedrons.  It  is  also  combined  with 
antimony,  arsenic,  and  gold.  It  occvirs  in  crystals,  often  dendritic,  and  also 
massive.  Native  amalgam  is  a  combination  of  mercury  with  silver,  already 
alluded  to,  and  represented  by  the  formulas  AgHg,  AgHgs,  AgHgg.  Arquerite 
is  another  combination,  and  consists  of  Ag^  Hg.  It  has  been  r^arded  as  native 
silver,  and  is  much  worked  in  the  rich  mines  of  Arqueros  in  Chili.  It  is 
malleable.    H = 2*5—3,  SG-  ^  10*85. 

AlTBIFEBOTrS  NATIVE  SILVEE. 

Absenical  silveb  (AgFs  As,  the  iron  being  regarded  as  isomorphous  with 
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silver).    A  rich  ore  very  variable  in  its  yield  of  silver;  silver  white,  brittle, 
yielding  readily  the  garlic  odour.    Sometimes  valuable  as  an  ore. 

MOLYBDIC  SILYEB. 

Fetzitb,  Tellurated  aiher  (Silver  62*77,  tellurium  37*23),  part  of  the  silver 
occasionally  replaced  by  gold ;  found  in  Siberian  and  Transylvanian  mines. 

Naitkankitb,  Seleniuret  of  siher,  iron  black,  malleable,  H=2*5,  SG-^S 
(silver  73*15,  selenium  26*85).    MoUte  is  another  seleniuret  with  less  silver. 

471.  ViTEEOUS  siLTEB,  Sulphiiret  of  silver  (AgS,  H  =  2*5, 
80-= 6*9 — 7*2).  The  richest  and  most  abundant  ore  of  silver. 
Found  crystalline,  branching,  or  dendritic,  and  amorphous ;  mal- 
leable; readily  fiisible.  Colour  lead  or  steel-grey;  easily  tarnished. 
It  resembles  the  grey  sulphuret  of  copper,  but  is  easily  distin- 
guished by  its  specific  gravity.  It  contains,  when  pure,  86*5  per 
cent,  of  silver. 

472.  Bbittle  siitYEB  OBE,  Black  silviery  Stephanite,  Sprodglaserz 
(H=2'5,  S(3-=6*9 — 6*9).  Sulphuret  of  silver  and  antimony, 
copper  and  arsenic  sometimes  replacing  the  silver.  A  very  im- 
portant ore  in  the  South  American  mines.  Specimens  have  been 
found  to  contain  from  QQ  to  68  per  cent,  of  silver,  and  others  con- 
taining somewhat  more  silver,  and  some  arsenic,  have  been  named 
Fohfhemte,  The  specific  gravity  is  the  best  test  of  this,  as  of  the 
preceding  ore. 

Sttlphitbet  of  SILTEB  AND  AITTIMONY,  H^eieslehenUe,  AnHmonial  sUver,  a 
rare  mineral  accompanying  arsenical  ores  of  silver.  Schilfglaserz  (silver,  22*93 ; 
1^  30*27 ;  antimony,  27*38 ;  sulphur,  18*74). 

Flexible  sitlphubet  op  silveb,  Sulphuret  of  silver  and  iron.  It  is  very 
soft,  yielding  readily  to  a  knife. 

Stebnbeboitb,  Sulphuret  of  silver  and  iron  (AgSj+^FS). 

Sitlphubet  op  silveb  akd  coppeb.    See  Stromeyerite,  §  457. 

XA.NTHOCONB,  Sulphuret  of  silver  and  arsenic  (silver,  64;  arsenic,  14; 
sulphur,  21). 

473.  Etjbt    silveb,    Fyrarayrite    (aCgS  +  SbjSg,    11=2— 25, 

8(3-= 5*72 — 5*84).     An  aDiindEuit  ore  of  silver  in  Mexico,  and 

found  in  Saxony.     Easily  distinguished  by  its  brilliant  cochineal 

colour  and  red  streak.     It  is  transparent  or  translucent.     It  yields 

nearly  60  per  cent,  of  silver.     There  are  two  varieties,  one  dark 

and  the  other  light  red,  the  former  combined  with  about  20'  per 

cent,  of  antimony,  and  the  latter  with  16  per  cent,  arsenic. 

Pboustite  (3AgS-f  AsjSj). 

MiABavBiTE,  ibitimonial  sulphuret  of  silver. 

474.  HoBN  SILTEB,  -Kera^e,  Chloride  of  silver  (AgCLj,  11=1 — 1'5, 

SQ-=5*6),  contains,  when  pure,  68  to  76  per  cent,  of  silver.    A 

soft  mineral,  of  grey,  green,  or  bluish  colour ;  cutting  like  wax  oi 

horn.    Beadily  known  by  its  softness,  and  much  worked  in  South 

America  and  Mexico,  especially  at  Fotosi. 

Iodic  silveb  (A^,  I). 
Bbohio  silveb  ^(gBrs). 
Cabbokate  of  silveb,  Selbite  (Ag  C^). 
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aOLD. 

475.  Q-old  is  found  only  native,  and  rarely  pure,  being  generally 
alloyed  with  silver,  and  frequently  with  copper,  palladium,  ana 
odmium.  It  always  presents  the  peculiar  yellow  character  which 
belongs  to  it,  and  takes  a  very  brilliant  polish.  Its  hardness  is 
inferior  to  that  of  silver,  but  greater  than  tin  and  lead.  It  is  the 
most  malleable  and,  with  the  exception  of  iron,  the  most  tenacious 
metal.  Its  specific  gravity  is  very  high  (amounting  to  14*857  for 
pepitas,  and  as  much  as  19*258  when  hammered).  It  is  fiisible  at 
a  temperature  of  2016°  Fahr.,  but  is  unaltered  by  exposure. 
Beaten  into  thin  leaves  it  is  transparent,  and  transmits  light  of  a 
beautiful  green  colour.  It  also  appears  of  brilliant  greenish  colour 
when  in  fusion. 

Q-old  has  been  formed  into  wire  of  the  diameter  of  only  Trnnr*^ 
of  an  inch,  550  feet  of  it  weighing  only  one  grain.  It  has  been 
beaten  into  leaves  only  TgTnnr^*^  ^^  ^^  ^'^  ^  thickness.  It 
expands  more  than  any  other  metal  when  fused.  It  is  unaffected 
by  any  of  the  simple  mineral  acids,  but  dissolves  in  nitromuriatic 
acid. 

Gold  occurs  in  crystals ;  in  dendritic  and  branching  fragments; 
in  filaments,  grains,  and  minute  fiat  spangles  ;  and  also  in  lumps 
or  pepitas.  It  is  rarely  obtaLued  with  profit  from  the  veins  in 
which  it  has  been  originally  formed,  and  is  chiefiy  procured  from 
gravel  and  detritus,  together  with  which  it  has  been  removed  by 
the  action  of  water  from  its  original  position  in  rocks.  Electrum 
is  a- variety,  contaioing  a  large  proportion  of  silver,  which  seems 
to  replace  and  be  isomorphous  with  the  gold.  The  I^alladium- 
gold^  or  Jacotinga  of  G-ongo  Soco  in  Brazil,  is  another  variety,  and 
there  is  also  found  occasionally  another  mixture  of  gold  and  palla- 
dium, and  an  alloy  of  gold  with  rhodium. 

476.  The  uses  of  gold  are  numerous,  and  for  the  most  part  well 
known.  Alloyed  with  i^th  part  by  weight  of  copper  or  silver, 
it  is  used  in  this  country  as  a  coin,  being  then  much  harder  than 
in  its  pure  state.  With  a  still  larger  admixture  of  other  metal,  it 
is  very  extensively  used  in  jewellery.  In  consequence  of  its  ex- 
treme divisibility  and  malleability,  it  is  used  in  gilding  or  coating 
other  substances  with  an  exceedingly  thin  film,  which  is  very 
durable,  owing  to  the  perfect  maimer  in  which  gold  resists  oxidation 
from  exposure.  Some  of  the  salts  of  gold  are  used  in  porcelain 
painting,  and  for  staining  glass. 

477.  The  rocks  in  which  gold  is  found  are  very  variable,  in- 
cluding granites,  slates  and  schists,  and  even  limestones.  The 
alluvial  deposits  containing  particles  of  the  metal,  and  most  pro- 
lific when  sifted  and  washed,  are  quartzy  sands  with  iron.  It  has 
been  considered  in  Siberia,  where  labour  is  extremely  cheap,  that 
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the  sand  of  any  river  pays  for  washing  if  it  yield  on  an  average 
24  grains  of  gold  per  hundredweight  of  sand.  In  Australia  and 
Galffomia  the  sand!s  hitherto  worked  are  much  richer. 

The  chief  localities  in  which  gold  is  worked  to  profit  are — 
1.  Australia;  2.  Califomia;  3.  The  Ural  Mountains  and  Siberia; 
4.  Brazil;  5.  Central  and  Western  Afiica;  6.  East  Indian  islands; 
and  7.  Bohemia  and  Transylvania.  Other  known  localities,  not 
now  profitable,  are  various  parts  of  Spain  and  Portugal,  North 
Wales,  County  Wicklow  in  Ireland,  France,  Germany,  and  some 
of  the  West  Indian  islands.  The  Eastern  States  of  the  American 
Union  (chiefly  Yirginia  and  the  Carolinas)  appear  to  contain  rich 
deposits,  but  the  present  yield  is  small.  G-old  has  been  found  in 
the  ]N"orthern  States,  and  in  Canada.  The  total  annual  supply  till 
within  the  last  ten  years;  when  Cahfomia  was  discovered,  was  less 
than  a  million  and  a  half  of  ounces,  the  estimated  value  being  about 
five  millions  sterling.  During  the  vear  1855  nearly  ten  millions  of 
ounces,  value  thirty-five  millions  or  pounds  sterling,  were  exported 
from  New  South  Wales  and  Yictona  alone,  the  supply  from  Cali- 
fornia being  probably  almost  as  great.  There  is  no  reason  at  pre- 
sent to  anticipate  any  diminution  of  these  large  supplies. 

Masses  of  gold  of  considerable  size  have  been  feund  from  time 
to  time ;  several  specimens  weighing  as  much  as  16  pounds  troy, 
one  27  pounds,  and  one,  discovered  in  1842,  weighing  nearly  100 
pounds  troy.  These  were  all  from  the  Ural;  but  other  large 
masses  have  been  reported  from  the  province  of  Quito  weighing 
50  and  60  pounds,  and  others  little  inferior  to  the  largest  known 
masses  have  been  recently  obtained  from  Australia  and  Califomia*. 

Native  oou),  generally  associated  with  silver,  copper,  and  iron.  That  from 
Australia  is  generally  remarkably  pure. 

AuEO-TELLTJEiTE  and  Qro/pMc  tellurium  are  ores  of  tellurium,  chiefly  valuable 
for  the  gold  they  contain.    The  latter  contains  30  per  cent,  of  gold. 

PLATINUM. 

478.  This  rather  remarkable  metal,  of  whitish  iron-grey  colour 
and  extreme  specific  gravity  (rising  to  21*53  in  purified  and  pre- 
pared specimens),  is  distributed,  like  gold,  in  grains  or  pepitas, 
and  obtained  from  the  sands  of  valleys  opening  out  from  crystalline 
rocks.  It  cannot  be  melted  by  the  heat  of  the  fire,  but  admits  of 
welding  in  the  manner  already  described  for  iron  (§  438).  Its 
hardness  is  4 — 4*5,  and  it  is  scratched  by  iron.     It  is  usually  com- 

*  It  maybe  useful  to  mention  that  the  Engtish  sovereign  contains  123*274  grains  troy  of  sold, 
82  carats  fine,  and  therefore  llS'OOl  grains  of  fine  gold.  Thus  the  ounce  troy  of  fine  gold  is 
worth  j£4  48.  11^  &d.,  nearly,  and  the  ounce  of  standard  gold,  being  l-12th  less,  amounts  to 


j^3  17s.  lO^d.  The  French  Napoleon  weighs  99*564  grains,  of  which  89*61  are  fine  gold.  The 
Dutch  lO-florin  piece  weighs  103*88  grains,  and  the  American  eagle  269*86  grains,  of  which  232 
are  fine.    The  pound  troy  of  standard  gold  is  coined  into  49-^&-  English  sovereigns,  and  the 

pound  avoirdupois  of  fine  gold  is  worth  jfiffil  18«.  1  Id. 
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bined  with  palladium,  rhodium,  iridium,  and 
per  and  iron.  The  malleability  of  platinum  is  Teiy  conBiderable, 
as  it  may  be  beaten  into  leaves  as  tlun  as  tin-foil.  Its  ductility^  ia 
howeTer  far  more  remarkable,  as  Dr.  Wollastou  obtained  a  wire 
not  more  than  T^tfcgfith  of  an  incb  in  diameter.  Its  tenacity  ia 
verv  great,  as  the  same  chemiat  found  that  a  wire  n ) ,  .tb  of  an 
incn  in  diameter  will  support  a  grain  and  a  third  without  breaking. 
Except  Tantidum  it  is  the  most  infusible  of  all  metals.  It  is  fre- 
quently magnetic.     In  thin  plates  it  ia  ductile  and  flexible. 

Platinum  is  found  (always  in  the  metallic  state)  in  Brazil  and 
Peru,  in  Spain,  and  in  the  Ural  Mountmns.  The  particles  are 
generally  small  and  rarely  larger  than  a  pea,  but  a  mass  baa  been 
found  weighing  20  pounds. 

It  is  of  great  value  in  the  manu&cture  of  utensila  and  instru- 
ments required  to  resist  oxidation,  and  the  action  of  acids  and 
mercury,  at  very  high  temperatures.  It  is  however  costly  and  not 
very  plentiful.     Coma  have  been  made  of  it  in  Itussia. 

PALLADIUM. 

479.  A  metal  not  at  present  much  used,  but  more  abundant 
than  either  of  the  preceding.  It  is  extracted  from  the  auriferoua 
and  platinum  sands  of  Brazil.  It  greatly  resembles  Platinum  in 
colour,  and  has  a  splendid  steel  lustre  when  polished.  It  is  mal- 
leable and  ductile;  very  flexible  when  in  thin  laminae,  but  not 
very  elastic.  SG-=113-— llS.  Somewhat  harder  than  bar  iron. 
Fuses  with  great  difficulty  at  the  highest  beat  of  a  smith's  forge. 
It  is  acted  on  by  nitric  acid,  but  resists  ordinary  exposure  without 
tarnish.  It  has  been  used  in  the  manufacture  of  some  philoso- 
phical and  surgical  instruments,  and  might  probably  be  employed 
to  great  advantage  in  coating  other  met^  by  the  electric  process, 
to  enable  them  to  resist  oxidation. 

NiTivE  PiMJBlDJC  occarB  in  graine  apparently  compoaed  of  divefging 
fibres,  but  in  other  reepects  these  grains  diner  little  in  external  character  from 
>u»..»^/»b.^  »»4^w»  .>i..i-.n..^  f^^^^f.  ^w;»L.  tu^^  ^^  found.    It  melts  eaHilv  with 


BHODIUM. 

480.  This  metal  is  very  rare.  It  is  usually  found  associated 
with  native  platinum  in  Peru.  It  gives  harimesa  to  steel,  and 
in  the  proportion  of  1  to  2  per  cent,  might  be  alloyed  with  that 
metal  to  some  advantage  if  it  were  more  abundant.  Like  Iridium, 
it  has  been  used  instead  of  gold  to  manufacture  the  nibs  of  metallic 
pens.  It  ia  of  whitish  colour,  difficult  of  fusion  like  Iridium,  and 
extremely  hard  and  durable.  8G-=10-65.  The  name  is  derived 
from  the  red  colour  (rhodon,  a  rose)  of  some  of  its  salts. 
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lUrDITIM. 

481.  A  metal  which  has  been  rarely  applied  to  any  use.  It  is 
found  with  the  ores  of  platinum  in  the  washings  of  two  localities 
in  the  Ural.  The  specimens  found  are  generally  mixtures  or 
alloys  of  this  metal  and  another,  equally  rare,  named  Osmittm. 
Iridium  is  extremely  hard,  and  its  specific  gravity  is  16  to  18.  It 
is  brittle,  of  whitish  colour,  and  when  carefully  polished  resembles 
platinum.  It  is  scarcely  affected  by  acids  but  forms  several  oxides 
and  chlorides,  and  combines  readily  with  carbon.  It  is  infusible  in 
the  heat  of  a  smith's  forge,  but  may  be  melted  before  the  oxy-hy- 
drogen  blowpipe.  It  appears  to  be  one  of  the  metals  that  do  not 
decompose  water.  The  name  is  derived  from  the  variegated  colours 
(iris,  a  raiabow)  of  its  solutions. 

OsMiBEDniH,  Iridosminey  a  natural  alloy  of  Iridium  and  Osmium,  containing 
respectively  one,  three  and  four  equivalents  of  Osmium  in  three  varieties  ana* 
lysed.     Nevojcmakite  is  a  tin- white  variety. 

Native  iBiDnrM,  JPlaUmridivmy  a  combination  of  Platinum  and  Iridium 
(IrPt). 

Ibite,  consisting  of  oxide  of  iridium,  63  $  protoxide  of  osmium,  10*24  prot- 
oxide of  iron,  12*5  j  oxide  of  chromium,  13*7,  with  a  trace  of  manganese. 

BUTHENIUM. 

482.  Found  in  platinum  ores  in  Bussia  and  America,  but  only 

to  the  extent  of  1  or  \\  per  cent.     Found  also  with  iridium  and 

osmium.     Its  colour  is  whitish  grey.     It  is  very  brittle,  infusible, 

and  probably  of  nearly  the  specific  gravity  of  iridium,  which  it 

much  resemoles. 

OSMITJM. 

483.  OsMirM  is  a  dark-grey  or  blue  metal,  infusible  except  before 
the  oxy-hydrogen  blowpipe,  and  having  a  specific  gravity  of  19-5  (?) . 
It  is  usually  found  alloying  platinum.  Its  peroxide  is  extremely 
volatile  and  has  a  pungent  odour.  It  has  not  been  applied  to  any 
uBefiil  purpose. 


ALPHABETICAL  INDEX 

0.  ,..  .,«...„  „,„...  TO  ,»  ™,.  „,.,„0,  O,  ,..  ,0». 

Abichitb,  466. 

Amalgam,  iiatiTe,468,470.Aiktirite,  865. 

Abrazite,  375. 

Amazon  stone,  370. 

Acadiolite,  875. 

Amber,  315. 

AeeeAeae,  413. 

AjnHTgonite,  353. 
Anwttjst,  319. 

ArwraafeofcobaU,  463. 

Aohniil*.  448. 

Ar»eniateofiron,449. 

Adoolar  bismuth,  424, 

AmeUijst,  orientol,  352. 

ArseDiat«ofliiDe,346,417. 

Actinolite.  3&4. 

Arseniate  of  nickel,  455. 

Adhesive  slate,  822. 

Ammonia  lalU,  324. 

Aieenic,  417. 

Adinole,  370. 

Amoibite,  455. 

Arsenical  antimony,  420. 

Adularia,  370. 

Amphibole,  384. 

Arsenical  cobalt,  451. 

AeschjmW,  383. 

Ampliodelif43,  365. 
Analoirae,  375. 

Arsenical  nickel,  455. 

ArBBnical  pyrites,  440. 

Anatsse,  402. 

Arsenical  silyer,  470. 

As^  mineral,  388. 

Arsenio-Biderite,  449. 

Agate.  320. 

Aiseniuretoflead,  434. 

ALibandme,  412. 

Anglarite,  447. 

Arseniuret  of  mangmiese. 

AngleeiW.  436. 
AnEjdrite,  343. 

411. 

Alabaster.  842. 

Aabeatea,  887. 

Albin,  378. 

Ankerite,  444. 

AsboUne,  452. 

AlbLte,  371. 

Aaparagua  elone,  S44. 
AspasiSite,  866. 

Aleiandrite,  899. 

AnorthitB,  372. 

AlgeritB,  375. 

Anthosiderito,  448. 

Aaphalt,  318. 

Atkaliae  eartht,  328. 

Anthracite,  310. 

Allasite,  416. 
AH^te,  386. 

Antigorite,  389. 

AtacamiCe,  463. 

Al]amt6,364. 

420. 

Aurichalcite,  427. 

Allochroite^  361. 

Allophane,  359. 

AUuandite,  447. 

AntimoiiiBl8ilTer,420.472.  Avanturine,  Slfl. 

Ahnandine.  361. 

Antimono-phvllite,  422. 
Antimony,  420. 
Apatite,  344. 

Aieatone,  367. 
Aui]ite,896. 
Aiurite,  462. 

AUtomte,829. 

AlCidte,  208. 

J 

Alom,  355. 

Aphereae.  406. 

BABrNBTOHITE,  384, 

Alumina,  350. 

Aphrite.  335. 

Baierine,  403, 

Altmina  lalU,  350—355.  Aphrodite.  347. 

Balaa  ruby,  399, 

Aluminateoflime,  899. 

Aplome,  361. 

Baltimorite,  881, 

Aluminate   of  magnesia,  A^phjUite,  878. 

Barohte,  329, 

899. 

Aqua-marine,  868. 

Barsowite,  365. 

Aluminito,  355. 

AreBnite,326. 

Baryta  tall,,  339, 

i 

Arfredsonite,  384. 

1 

Arventine.  335. 
Arkansite,  402. 

Baryto-celeatino,  332. 

1 

Alunite.  355. 

Baryto-strontianite,  331. 
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Basalt,  388. 
Basanite,  823. 
Basi-cerme,  364. 
Bastite,  389. 
Batrachite,  382. 
Beaumontite,  375. 
Bell  metal,  456. 
Bell  metal  ore,  431. 
Berengelite,  815. 
Bergmannite,  365. 
Bergmehl,  388. 
Berthierite,  422,448. 
Beiyl,  368. 
Berzeline,  457. 
Berzelite,  345. 
Beudantite,  449. 
Bieberite,  453. 
Biotite,  398. 
Bismuth,  424. 
Bismuth  blende,  424. 
Bismuth  cobalt,  451. 
Bismuth  nickel,  454. 
Bismuth  ochre,  424. 
Bismuth  telluriimi,  424. 
Bismuthite,  424. 
Bitter  spar,  340. 
Bitumen,  318. 
Bituminous  coal,  311. 
Black  Jack,  426. 
Black  lead,  809. 
Black  silver,  472. 
Black  tellurium,  428. 
Blende,  426. 
Blddite,  827. 
Bloodstone,  320. 
Blue  copper,  457. 
Blue  John^  341. 
Blue  lava,  340. 
Blue  vitriol,  465. 
Bodenite,  364. 
Bog  butter,  315. 
Bog  iron  ore,  447. 
Bole,  359. 
Bologna  spar,  380. 
Boltonite,  881. 
Bombite,  377. 
Bonsdorffite,  866. 
Boracic  acid,  314 
Boracite,  347. 
Borate  of  lime,  345. 
Borate  of  magnesia,  347. 
Borate  of  soda,  827. 
Borax,  827. 
Bomine,  424. 


Bomite,  458.  Garb,  of  manganese,  415. 

Boro-siHcate  of  lime,  399.  Carbonate  of  silver,  474. 


Botryogen,  449. 
Botryolite,  894. 
'Boulangerite,  422,  484. 
Boumonite,  434. 
Bovey  coal,  812. 
Brandisite,  877. 
Brass,  456. 
Braunite,  412. 
Brazil  emerald,  395. 
Breithauptite,  455. 
Breimnerite,  346. 
Brevicite,  874. 
Brewsterite,  875. 
Britannia  metal,  420. 
Brittle  silver  ore,  472. 
Brochantite,  464. 
Bromic  silver,  474. 
Bromhte,  829. 
Brongnartine,  826. 
Bronze,  456. 
Bronzite,  389. 
Brookite,  402. 
Brown  coal,  312. 
Brown  heematite,  443. 
Brown  spar,  840,  444. 
Brucite,  846. 
Bucholzite,  357. 
Bucklandite,  363. 
Buratite,  427. 
Bustamite,  416. 

Cadmium,  430. 

Caim-gorm,  319. 

Calaite,  354. 

Calamine,  427. 

Calcareous  tu&t,  338. 

Calcite,  332,  885. 

Calc  spar,  384--338. 

Caledonito,  436. 

Calomel,  469. 

Cancrinite,  378. 

Cannel  coal,  811. 

Capillary  pyrites,  454. 

Carbo-oerine,  364. 

Carbon,  306. 

Carbonate  of  baryta,  328.  Chlorite,  876. 

Carbonateof  bismuth,  424.  Chlorite  spar,  377. 

Carbonate  of  copper,  462.  Chloritoid,  377. 

Carbonate  of  iron,  444.      Chloromelane,  448. 

Carbonate  of  lead,  436.      Chloropale,  448. 

Carbonate  of  lime,  334.      Chlorophane,  841. 

Carbonateof  magnesia,  347.Chlorophyllite,  366,  381. 


Carbonate  of  soda,  827. 
Carbonate  of  strontia,  331. 
Carbonate  of  telluriTmi,423. 
Carbonate  of  zinc,  427. 
Carburet  of  iron,  809. 
Carinthine,  884. 
Camatite,  371. 
CameUan,  320. 
Cascholong,  824. 
Cassiterite,  482. 
Castor,  872. 
Cat's  eye,  819. 
Cawk,  880. 
Celestine,  882. 
Cement  stone,  337. 
Cerasite,  437. 
Cerate,  474. 
Ceraimite,  867. 
Cererite,  364. 
Cerine,  864. 
Cerite,  864. 
Cerium,  364. 
Cerium  ochre,  364. 
Cerussite,  486. 
Ceylanite,  899. 
Chabasite,  875. 
Chalcedony,  320. 
Chalcolite,  410. 
Chalk,  838. 
Chalkophyllite,  466. 
Chalkopyrites,  458. 
Chamoisite,  448. 
Chelmsfordite,  878. 
Chert,  320. 
Chessylite,  462. 
Chiastolite,  857.  . 
Childrenite,  858. 
Cluleite,  448. 
Chlolite,  354. 
Chloanthite,  455. 
Chloride  of  copper,  463. 
Chloride  of  mercury,  469. 
Chlorideof  potassium,  826. 
Chloride  of  silver,  474. 
Chloride  of  sodium,  327. 
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Chloro-Bpinelle,  399. 
Chondrodite,  390. 
Chonikrite,  372. 
Christianite,  372,  376. 
Chrome  oohre,  408. 
Chromic  iron,  408. 
Chromite,  408. 
Chromium,  408. 
Chiysoberjrl,  399. 
Chrysooolui,  464. 
Chrysolite,  382. 
Chrysoprase,  320. 
Chiysotile,  381. 
Chusite,  382. 
Cimiabar,  469. 
Cmnamon  stone,  861. 
Cipolino,  336. 
daussenite,  352. 
Clausthalite,  434. 
Clay,  359.  . 
Clay  ironstone,  445. 
Cleayelandite,  371. 
Clink-stone,  370. 
Clintonite,  37-7. 
Cloanthite,  455. 
Cluthalite,  374. 
Coal,  311. 
Cobalt,  450. 
Cobalt  bloom,  453. 
Cobalt  p^tes,  450. 
Cobalt  vitriol,  453. 
Cobaltic  lead  ore,  434. 
Cobaltine,  451. 
Coccinite,  469. 
Coccolite,  386. 
Colophonite,  361. 
Colimibite,  403. 
Columbimn,  403. 
Commingtonite,  448. 
Comptonite,  375. 
Condarrite,  466. 
Copal,  fossil,  314. 
Copiapite,  449. 
Copper,  456. 
Copper  mica,  466. 
Copper-nickel,  455. 
Copper  pyrites,  458. 
Copperas,  449. 
Coqiiimbite,  449. 
Coracite,  410. 
Cordierite,  366. 
Corneous  lead,  437. 
ComwaUite,  466. 
Corundum,  351. 
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Cotunnite,  437. 
Covelline,  457. 
Crednerite,  412. 
Crichtonite,  403. 
Crocoisite,  437. 
Cronstedtite,  448. 
Cross-stone,  357. 
Crucite,439. 
Cryolite,  354. 
Chyptolite,  364. 
Cubane,  458. 
Cube  ore,  449. 
Cubicite,.375. 
Cupreous  anglesite,  435. 
Cupriferous  sulphivte  of 

lead,  435. 
Cuprite,  460. 
Cuproplumbite,  434. 
Cyanite,  357. 
C^rmolite,  359. 
Cymophane,  399. 
C^rprine,  362. 

Damoitrite,  373. 
Danaite,  451. 
Danburite,  378. 
DathoUte;,  394. 
Davidstonite,  368. 
Davyne,  373. 
Davyte,  355. 
Dechenite,  437. 
Ddvauxine,  447. 
Dermatine,  347. 
Pesmine,  374. 
DiaUage,  389. 
Diallogite,  415. 
Diamond,  308. 
Diaspore,  352. 
Dichroite,  366. 
Digenite,  457. 
Dillnite,  358. 
Diopside,  386. 
Dioptase,  463. 
Dioxylite,  436. 
Diploite,  373. 
Dipyre,  373. 
Disomose,  455. 
Disthene,  357. 
Dog-tooth  spar,  335. 
Dolomite,  340. 
Domeykite,  459. 
Dr^lite,  330. 
Dufr^nite,  447. 
Du&^noysite,  434. 


Dutch  gold,  466. 
Dysclasite,  378. 
Dysluite,  399. 
Dysodil,  312. 
Dyssnite,  416. 

Eabth  toam,  335. 
Earthy  cobalt,  452. 
Earthy  quartz,  322. 
Edelforsite,  378. 
Edingtonite,  375. 
Edwardsite,  364. 
Egeran,  362. 
Ehlite,  466. 
Eitrine,  318. 
Ekebergite,  866. 
EhsBolite,  373. 
Elastic  bitumen,  314. 
Elaterite,  314. 
Electric  calamine,  428. 
Electrom,  475. 
Emerald,  368. 
Emerald,  oriental,  352. 
Emery,  352. 
Emmonite,  331. 
Epidote,  363. 
EpiBtilbite,  374. 
Epsomit«,  348. 
Epsom  saJts,  348. 
Ercinite,  375. 
Eremite,  364. 
Erinite,  466. 
Erlan,  361. 
Erythrine,  453» 
Esmarkite,  366. 
Essonite,  361. 
Euchroite,.  466. 
Euclase,  368. 
Eudnophite,  375. 
EudyaUte,  383. 
Eukairite,  457. 
Eulytine,  424. 
Euxenite,  349,  403. 

Fahlbbz,  459. 
Fahlunite,  358. 
False  topaz,  318. 
Fassaite,  386. 
Fat-stone,  373. 
Faujasite,  375. 
Fayalite,  377. 
Feather  alum,  355. 
Feather  ore,  422. 
Felspar,  370. 
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FerguBonite,  349,  403. 
Ferro-tantalite,  403. 
Ferro-titanite,  402. 
Ferruginous  quartz,  319. 
Fettbol,  359. 
Fibro-ferrite,  449. 
FibroUte,  357. 
Fichtelite,  315. 
Fiorite,  324, «.  6. 
Fire  marble,  337,  v,  4. 
Fire  opal,  324. 
Fischerite,  353. 
Flint,  321.     . 
Float  stone,  321. 
Flos  ferri,  339. 
Fluate  of  lime,  341. 
Fluateofyttria,349. 
Fluelite,  354. 
Fluocerine,  364. 
Fluor  spar,  341. 
Fluoride  of  aluminium, 

355. 
Fluoride  of  titanium,  402. 
Foliated  tellurium,  423. 
Fontainebleau  sandstone, 

335. 
Forsterite,  382. 
Fortification  agate,  320. 
Fossil  copal,  315. 
Franklinite,  441. 
French  chalk,  380. 
Freieslebenite,  472. 
Frugardite,  362. 
Fuchsite,  393. 
Fuller's  earth,  359. 

Gabbonitib,  365. 
Gadolinite,  349. 
Gahnite,  399. 
Gtalena,  434. 
GhJlizinite,  403. 
Garnet,  360. 
Gamsdorffite,  355. 
Garofian,  340. 
Gay-lussite,  327. 
Gedrite,  377. 
Gkhlenite,  365. 
Gelatinous  silex,  322. 
Geokronite,  422,  434. 
Gkrman  silver,  454. 
G«rsdorffite,  4:55. 
GiaUo-antico,  336. 
Gibbsite,  352. 
Gieseckite,  366. 


Gigantolite,  366. 
Gilbertite,  358. 
GHllingite,  441. 
Girasol,  324,  v,  2. 
Gtismondine,  375. 
Glaserite,  326. 
Glauber  salts,  327. 
Glauberite,  327. 
Glaucodote,  450. 
Glaucolite,  372. 
Glaucophane,  365. 
Glottalite,  375. 
Gmelenite,  375. 
Gdbhardite,  389. 
GtBkumite,  382. 
Gothite,  443. 
Gold,  475. 
Goslarite,  429. 
Ghrammatite,  384. 
Graphic  gold,  423. 
Graphic  tellurium,  423. 
Graphite,  309. 
Greenockite,  430. 
Greenovite,  397. 
Gregorite,  403. 
Grey  antimony,  422. 
Grey  cobalt,  451. 
Grey  copper  ore,  459. 
Groppite,  358. 
Grossulante,  361. 
Guanite,  324. 
Giimmi>erz,  410. 
Gxurolite,  345. 
Guyaquillite,  315. 
Gypsum,  342. 
Gyrolite,  345. 

Hjematite,  bbowk,  443. 
Hsematite,  red,  442. 
Haidingerite,  345,  422. 
Halloylite,  359. 
Halloysite,  359. 
Halomchite,  355. 
Harmotome,  375. 
Harringtonite,  374. 
Hartite,  315. 
Hatchetine,  315. 
Hauerite,  412. 
Hausmannite,  412. 
Hauyne,  398. 
Haydenite,  375. 
Hayesine,  345. 
Haytorite,  394. 
Heavy  spar,  330. 


Hedenbergite,  886. 
Hediphane,  437. 
Hehotrope,  320. 
Helvine,  399. 
Hepatite,  330. 
Herbeckite,  448. 
Hercynite,  399. 
Herderite,  354. 
Herrerite,  423. 
Herschelite,  375. 
Heteroclin,  415. 
Heterozite,  415. 
Heulandite,  374. 
Hismgerite,  448. 
Holmesite,  377. 
Hohnite,  377. 
Hopeite,  428. 
Hornblende,  384. 
Horn  cobalt,  452. 
Horn  lead,  437. 
Horn  manganese,  416. 
Horn  quicksilver,  469. 
Horn  silver,  474. 
Homstone,  320. 
Homstone,  fusible,  370. 
Humboldtmte,  373. 
Humboldtine,  395,  449. 
Humite,  390. 
HureauUte,  415. 
Hyacinth,  383. 
Hyalite,  324,  v,  6. 
Hyalosiderite,  382. 
Hydrargylite,  352. 
Hydrate  of  alumina,  352. 
Hydroboradte,  347. 
Hydrobucholzite,  358. 
HydroHte,  375. 
Hydrophane,  324,  v.  4. 
Hydrophite,.381. 
Hypersthene,  386. 
Hypostilbite,  374. 

Ibebite,  366. 
Iceland  spar,  335. 
Ice  spar,  370. 
Ice  stone,  354. 
Idocrase,  362. 
Idrialine,  314. 
Igloite,  339. 
Ihnenite,  403. 
Ihnenium,  403. 
Bvaite,  448. 
Indianite,  372. 
Indicolite,  395. 
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Indigo  copper,  457. 
Iodic  mercury,  469. 
Iodic  silver,  474. 
loUte,  366. 
Iridium,  481. 
Iridosmine,  481. 
Irifce,  481. 
Iron,  438. 
Iron  apatite,  415. 
Iron  glance,  442. 
Iron  ochre,  443. 
Iron  pyrites,  439. 
Iron  sinter,  449. 
Iserine,  403. 
Isophane,  441. 
Itaberite,  442. 
Ittnerite,  375. 
IxoHte,  315. 

Jacotinoa,  476. 
Jade,  367,  384. 
Jamesonite,  422. 
Jargon,  383. 
Jasper,  323. 
Jeffersonite,  386. 
Jenite,  448. 
Jet,  311. 
Johannite,  410. 
Johnite,  354. 
Junlcerite,  444. 

Ejleoxine,  447. 
Kammererite,  375. 
Kaolin,  359. 
Karpholite,  375. 
tenite,  343. 
rtaplerite,  375. 
Kermes,  422. 
Kerolit«,  375. 
Eillbrickenite,  422, 434. 
Killinite,  366. 
King's  yellow,  419. 
Kirwanite,  375. 
Klaprothine,  353. 
Klinoclase,  466. 
Knebelite,  382. 
Kobaldine,  450. 
Kobellite,  422,  435. 
Kdnigite,  464. 
Kollyrite,  359. 
Konichalcite,  466. 
Konlite,  315. 
Koupholite,  875. 
Krokydolite,  448. 


Krokoite,  437. 
Kryptolite,  364. 
Kiilmite,  345. 
Kupfer  nickel,  455. 

Labbadobite,  372. 
Lanthanite,  364. 
Lapis  lEkzuli,  398. 
Lapis  ollaiis,  379. 
Latrobite,  373. 
Laumontite,  375. 
Layenduline,  453. 
Lazuli  (lapis),  398. 
Lazulite,  353. 
Lead,  433. 
Lead  glance,  434. 
Leadhillite,  436. 
Lederolite,  375. 
Leelite,  370. 
Lebmannite,  437. 
Lehuntite,  374. 
Lenzinite,  359. 
Leonhardite,  375. 
Lepidokrokite,  443. 
Lepidomelane,  377. 
Lepidolite,  392. 
Lerbachite,  434. 
Lettsomite,  465. 
Leucite,  373. 
Leucolite,  373. 
Leucophane,  393. 
Leucopyrite,  440. 
Levyne,  375. 
LhcTZolite,  386. 
Libethenite,  466. 
Lievrite,  448. 
Lignite,  312. 
Limbelite,  382. 
Limonite,  443. 
Lincolnite,  374. 
Linarite,  435. 
Linneite,  450. 
Lithomarge,  359. 
Liroconite,  466. 
Loam,  359. 
Lodestone,  441. 
Loganite,  377. 
L&lingite,  440. 
Loxoclase,  371. 
Lumachelle,  337  v.  4. 
Lunnite,  466. 
Lydian  stone,  323. 

Maclubite,  390. 


Madreporite,  335. 
Magnesian  salts,  346. 
Magnesian  limestone,  840. 
Magnesite,  347. 
Magnetic  iron  ore,  441. 
Magnetic  pyrites,  439. 
Magnetite,  441. 
MaUchite,  463. 
Malacolite,  white,  386. 
Malacon,  383. 
Malthacite,  322. 
Mancinite,  428. 
Mandelato,  336. 
Manganese,  411. 
Manganese  blende,  412. 
Manganese  spar,  416. 
Manganite,  413. 
Marble,  336. 
Marcasite,  439. 
Marceline,  415. 
Marekanite,  370. 
Margarite,  363. 
Margarodite,  393. 
Marmatite,  427. 
Martial  pyrites,  439. 
Martinsite,  327. 
Martite,  443. 
Mascagnine,  325. 
Masonite,  377. 
Massicot,  435. 
Meerschamu,  347. 
Meionite,  365. 
Melanite,  361. 
Melanochroite,  437. 
Melanterite,  441. 
Mellilite,  373. 
Mellite,  315,  355. 
Menaccanite,  397. 
Mengite,  364,  403. 
Menilite,  324,  v.  7. 
Mercury,  468. 
Mesitine  spar,  444. 
Mesolite,  374. 
Mesotype,  374. 
Metaxite,  381. 
Meteorite,  438. 
Miargyrite,  473. 
Mica,  391. 
Micaceous  iron,  442. 
Michaelite,  322. 
Middletonite,  315. 
Miemite,  340. 
Milky  quartz,  319. 
Millerite,  454. 
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MiloBchine,  369. 
Mimetine^  437. 
Mineral  caoutchouc,  314. 
Mineral  oil,  313. 
Mineral  pitch,  313. 
Minium,  435. 
MirabiHte,  327. 
Mispickel,  440. 
Misy,  449. 
Mocha-stone,  320. 
Mohsite,  403. 
Molybdate  of  lead,  437. 
Molybdenite,  406. 
Molybdenum,  406. 
Molybdio  ochre,  406. 
Molybdic  silver,  470. 
Monazite,  364. 
Monticellite,  363. 
Moon-stone,  370. 
Moroxite,  344. 
Morvenite,  375. 
Mosondrite,  397. 
Moss  agate,  320. 
Mountain  cork,  387. 
Mountain  leather,  387. 
Mountain  meal,  338. 
Mountain  soap,  359. 
Mountain  tallow,  315. 
Mountain  wood,  387. 
MuUer's  glass,  324,  v.  6. 
MuUicite,  447. 
Mundic,  439. 
Murchisonite,  370. 
Muriacite,  3^. 
Muriate  of  ammonia,  324. 
Muriate  of  copper,  4^3. 
Muriate  of  lime,  345. 
Muriate  of  magnesia,  340. 
Muriate  of  mercury,  469. 
Muriate  of  silyer,  474. 
Muriate  of  soda,  327. 
Muscoide,  437. 
Muscoyy  glass,  391. 
Mussite,  386. 
Mysorine,  463. 

Naceite,  377. 
Nagyagite,  423. 
Nau-head  spar,  335. 
Naphtha,  313. 
Natro-calcite,  332. 
Natrolite,  374. 
Natron,  327. 
Naumannite,  470. 


Necronite,  370. 
Needlestone,  374. 
Nemalite,  346. 
Neoctese,  449. 
Neoplase,  449. 
Kepheline,  373. 
Nephrite,  367. 
Newjanskite,  481. 
Kewkerkite,  413. 
Nickel,  454. 
Nickel  glance,  455. 
Nickel  green,  455. 
Nickeline,  455. 
Nickel  pyrites,  454. 
Nickel  stilbine,  455. 
Nigrine,  403. 
Niobite,  403. 
Niobium,  403. 
Nitrate  of  lime,  345. 
Nitrate  of  magnesia,  348. 
Nitrate  of  potash,  326. 
Nitrate  of  soda,  327. 
Nitratine,  327. 
Nitre,  326. 
Nontronite,  448. 
Nosean,  398. 
Nussierite,  437. 
Nuttalite,  365. 

OBSLDIAlf,  370. 
Ochre,  chromic,  408. 
Ochre,  iron,  444. 
Ochre,  molybdic,  406. 
Ochre,  red  cobalt,  453. 
Ochre,  yellow,  443. 
Octahedral  iron  ore,  441. 
Oerstedite,  383. 
Oetite,  443,  445. 
Okenite,  378. 
Ohgist,  442. 
Oligoclase,  372. 
Oligon  spar,  444. 
OHvine,  382. 
Oliyenite,  466. 
Onchosine,  375. 
Onofrite,  469. 
Onvx,  320. 
Oofite,  337,  V,  3. 
OoUtic  iron  ore,  443. 
Oosite,  366. 
Opal  324. 

Opal  jasper,  324,  v,  9. 
Ophite,  381. 
C^simose,  416. 


Orpiment,  419. 
Orthite,  364. 
Orthodase,  370. 
Orthose,  370. 
Osmelite,  378. 
Osmiridium,  481. 
Osmiiun,  483. 
Ottrelite,  365. 
Ouralite,  388. 
Ouwarovite,  361. 
Ozahyerite,  378. 
Oxalite,  449. 
Oxalate  of  iron,  449. 
Oxalate  of  lime,  345. 
Oxide  of  antimony,  420. 
Oxide  of  bismuth,  424. 
Oxide  of  cobalt,  450. 
Oxide  of  copper,  460. 
Oxide  of  iron,  441. 
Oxide  of  lead,  435. 
Oxide  of  manganese,  413. 
Oxide  of  tin,  432. 
Oxide  of  zinc,  429. 
Oxidulated  iron  ore,  441. 
Ozokerite,  315. 

Falaoonite,  365. 
Palladium,  479. 
Faranthine,  365. 
Fargasite,  384. 
Farisite,  364. 
Fatrinite,  424. 
Faulite,  386. 
Feach-blossom  ore,  453. 
Feacock-ore,  458. 
Fearl-mica,  365. 
Fearl  powder,  424. 
Fearl  spar,  840. 
FectoHte,  378. 
Felocronite,  466. 
Felopium,  403. 
Femiine,  376. 
Fericlase,  346. 
Fericline,  371. 
Feridote,  382. 
Ferowskite,  345. 
Fetalite,  372. 
Fetroleum,  313. 
Fetrosilex,  370. 
Fetzite,  470. 
FhacoUte,  375. 
Fharmacolite,  345,  417. 
Fharmacosiderite,  449. 
Fhenacite,  368. 
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PhiUipsite,  376. 
Fhoenicite,  4i37. 
Pholarite,  368. 
Phonolite,  370. 
Fhosgenite,  437. 
Phosphate  of  alumina,  353. 
Phosphate  of  copper,  466. 
Phosphate  of  iron,  447. 
Phosphate  of  lead,  437. 
Phosphate.of  lime,  344. 
Phosph.  magnesia,  347. 
Phosph.  manganese,  416. 
Phosph.  uranium,  410. 
Phosphate  of  yttna,  349. 
Phosphate  of  zinc,  429. 
Phospho-chalcite,  466. 
Phosphorite,  344. 
Photozite,  416. 
Phyllite,  384. 
Piauzite,  315. 
Pickeringite,  355. 
Picnite,  390. 
Picrolite,  381. 
Picropharmacolite,  345. 
Picrophyllite,  381. 
Picrosmine,  381. 
Pictite,  397. 
Pimelite,  455. 
Pinchbeck,  456. 
Pinguinite,  373. 
Pinguite,  448. 
Pinite,  366. 
Piotine,  375. 
Pisolite,  337,  t?.  3. 
Pisolitic  iron  ore,  443. 
Pissophane,  365. 
Pistacite,  363. 
Pitchblende,  410. 
Pitchstone,  370. 
Pitten-erz,  410. 
Pittizite,  449. 
Placodine,  456. 
Plagionite,  422. 
Plasma,  320. 
Platiniridium,  481. 
Platinum,  478. 
Plattnerite,  436. 
Pleonaste,  399. 
PHnthite,  359. 
Plumbago,  309. 
Plumbic  ochre,  435. 
Plumbo-calcite,  335. 
Plumbo-resinite,  437. 
Plumbostib,  434. 


Plumose  mica^  393. 
Polianite,  412. 
Polishing  slate,  322. 
Polyadelphite,  448. 
Polybasite,  472. 
Polycrase,  383,  403. 
Polyhalite,  327. 
Pdyhydrite,  448. 
Polylite,  384. 
Polymignite,  383,  403. 
Polyspheeride,  437. 
Poonahlite,  374. 
Porcelain  clay,  369. 
Potash,  326. 
Potassium,  326. 
Potstone,  379. 
Praseolite,  366. 
Predazzite,  340. 
Prehnite,  375. 
Protheite,  362. 
Proufitite,  473. 
Psilomelime,  415. 
Pumice,  370. 
Pyrallolite,  381. 
PyrargilHte,  366. 
Pyrargyrite,  473. 
Pyreneite,  361. 
I^tes,  arsenical,  440. 
Pyrites,  capillary,  454. 
Pyrites,  copper,  458. 
Pyrites,  iron,  439. 
I^tes,  magnetio,  439. 
Pyrochlore,  345,  403. 
I^TTolusite,  414. 
Pyromorphite,  437. 
Pyrope,  361. 
Pyrophyllite,  376. 
Pyrophysalite,  390. 
Pyrorthite,  364. 
Pyrosclerite,  375. 
PyrosmaHte,  448. 
Pyroxene,  385. 
Pyrrhite,  428. 
Pyrrhosiderite,  433. 
Pyrrhotine,  439. 

QUABTZ,  318. 
Quartzite,  318. 
Quicksilyer,  468. 
Quincite,  347. 

Basiolitb,  374. 
Eammelsberdte,  466. 
Bandanite,  &2. 


Baphilite,  384. 
Bapidolite,  366. 
Batofkite,  341. 
Bazoumoffskine,  369. 
Bealgar,  418. 
Betin-asphalt,  316. 
Bed  antimony,  422. 
Bed  copper  ore,  460. 
Bed  silver  ore,  473. 
Bed  zinc  ore,  429. 
Bedruthite,  457. 
Bemolinite,  463. 
Bensselaerite,  380. 
Betinalite,  389. 
Betinite,  315. 
Beussin,  348. 
Bhodalite,  375. 
Bhodium,  480. 
Bhodizite,  347. 
Bhodochrome,  381.- 
Bhodocrolite,  415. 
Bhodonite,  416. 
Bhstizite,  357. 
Bhomb  spar,  340. 
Biband  a^te,  320. 
Biolite,  471. 
Bipidolite,  376. 
Bock  crystal,  319. 
Bock  milk,  338. 
Bock  salt,  327. 
Bomanzovite,  361. 
Bomeine,  345. 
Boselite,  346,  453. 
Bose  quartz,  319. 
Bosite,  358. 
Bosso-antico,  336. 
Bothoffite,  361. 
Bubellane,  393. 
Bubellite,  395. 
Bubin-glimmer,  443. 
Bubioelle,  399. 
Buby,  oriental,  352. 
Buby  silver,  473. 
Buin-agate,  320. 
Bussite,  327. 
Butile,  402. 
Byaoolite,  370. 

Sapplobite,  461. 
Sahlite,  386. 
Sal-ammoniac,  325. 
Salmiac,  324 
Salt,  rock,  326. 
Saltpetre,  325. 
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Samarskite,  410. 
Saponite,  375. 
Sapparite,  357. 
Sapphire,  351. 
Saroolite,  375. 
Sard,  320. 
Sassoline,  328. 
Satin-spar,  335. 
Saussurite,  372. 
Scapolite,  365. 
Scbiaum-erde,  365. 
Scheelite,  345. 
Scheererite,  315. 
Sohiefer  spar,  335. 
Sclulfglaserz,  472. 
Schiller  asbestos,  381. 
Schiller  spar,  389. 
Schorl,  396. 
Schorlomite,  402. 
Schrdtterite,  359. 
Schulzite,  434. 
Scolexerose,  365. 
Scolezite,  374. 
Soorodite,  449. 
Soorza,  363. 
Sooulerite,  375. 
Selbite,  474. 
Selen-sulphur,  317. 
Selenite,  342. 
Selenium,  317. 
Seleniuret  of  copper,  457. 
Seleniuret  of  leac^  434. 
Seleniuret  of  mercury,  469. 
Seleniuret  of  silver,  471. 
Semehne,  397. 
Semi-opal,  324. 
Senarmontite,  422. 
Serpentine,  381. 
S^bertite,  377. 
Siderite,  444. 
Sideroschi^lite,  448. 
Silicate  of  alumina,  357. 
Silicate  of  bismuth,  424. 
SiUcate  of  copper,  4^, 
Silicate  of  iron,  448. 
Silicate  of  lime,  345,  378. 
Silicate  of  magnesia,  379. 
Silicate  of  manganese,  416. 
Silicate  of  yttru,  349. 
Silicate  of  zinc,  428. 
Silicate  of  zirconium,  383. 
SiHdte,  372. 
SiUcium,  318. 
Sillimanite,  357, 


Silver,  470. 
Sinter,  32^^  v.  11. 
Sismondite,  377. 
Skutterudite,  451. 
Slate  spar,  335. 
Smalt,  450. 
Smaltine,  451. 
Smaragdite,  389. 
Smelite,  358. 
Smithsonite,  429. 
Smoky  quartz,  319. 
Soapstone,  375,  380. 
Soda  saUsy  326. 
Sodalite,  373. 
Soda-spodvmiene,  372. 
Somervillite,  373. 
Sordawalite,  367. 
Spartalite,  429. 
Sparry  iron,  444. 
Spathic  iron,  444. 
Specular  iron  ore,  442. 
Speculum  metal,  456. 
Spessartine,  361. 
Sphserosiderite,  444. 
Sphterostilbite,  374. 
Sphene,  397,  402. 
Spinellane,  398. 
Spinelle,  399. 
Splint  coal,  310. 
Spodumene,  372. 
Stahlstein,  444. 
Stalactite,  335. 
Stalagmite,  335. 
Stanmne,  431. 
Staurolite,  357. 
Staurotide,  357. 
Steam-coal,  310. 
Steatite,  380. 
SteinheiUte,  366. 
Stdnmannite,  422,  434. 
Steinmark,  357. 
Stellite,  375. 
Stephanite,  472. 
St^bergite,  472. 
Stiblite,  420. 
Stilbite,  374. 
Stilpnomelane,  448. 
Stilpnosiderite,  443. 
Stolzite,  437. 
Strahlstein,  384. 
Stream  tin,  432. 
Stroganowite,  373. 
Stromeyerite,  457. 
Stromnite,  331. 


Strontia  salts^  331. 
Strontianite,  331. 
Struvite,  324. 
Stylobite,  365. 
Succinite,  361. 
Sulphate  of  alumina,  355. 
Sulphate  of  ammonia,  324. 
Sulphate  of  baryta,  330. 
Sulphate  of  cofaiut,  453. 
Sulphate  of  iron,  449. 
Sulphate  of  lead,  435. 
Sulphate  of  lime,  342. 
Sulphate  of  magnesia,  348. 
Sulphate  of  potash,  326. 
Sulphate  of  soda,  327. 
Sulphate  of  strontia,  332. 
Sulphate  of  uranium,  410. 
Sulphate  of  zinc,  429. 
Sulphur,  316. 
Sulphuret    of   antimony, 

420. 
Sulphuret  of  arsenic,  418. 
Sulphuret  of  bismuth,  424. 
Sulphuret  of  cobalt,  450. 
Sulphuret  of  copper,  457. 
Sulphuret  of  iron,  439. 
Sulphuret  of  lead,  434. 
Sulphuret  of  manganese, 

411. 
Sulphuret  of  mercury,  469. 
Sulphuret  of  nick^  454. 
Sulphuret  of  silver,  471. 
Sulphuret  of  tin,  431. 
Sulphuret  of  zinc,  426. 
Sylpoorite,  450. 
Sylvanite,  423. 
Sylvine,  326. 
Symplesite,  449. 

TABASHE:qB,  324,  V,  10. 
Tabular  qustrtz,  321. 
Tabular  spar,  378. 
Talc,  379. 
Tamarite,  466. 
TantaUte,  403. 
Tantalium,  403. 
Tautolite,  382. 
Tellurated  silver,  470. 
Tellurated  lead,  434. 
Tellurium,  423. 
Tennantite,  459. 
Tenorite,  ^1, 
Tephroite,  416. 
Tesselite,  378. 
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Tetartine,  871. 
Tetradymite,  424. 
ThaUite,  363. 
Tharandite,  340. 
Thenardite,  327. 
Thermonatrite,  327. 
Thomaite,  444. 
Thomsonite,  376. 
Thorite,  349,  383. 
Thraulite,  448. 
ThuHte,  363. 
Thumite,  395. 
TUe  ore,  460. 
Tin,  447. 
Tin  oxide,  432. 
Tin  pyrites,  431. 
Tin-white  cobalt,  448. 
Tincal,  328. 
Titaniferous  sand,  403. 
Titanate,  397. 
Titanitic  iron,  403. 
Titanium,  402. 
Toad's  eye  tin,  432. 
Tombac,  456. 
Tombazite,  455. 
Topaz,  390. 
Topaz,  oriental,  352. 
Topazolite,  361. 
Torberite,  410. 
Touchstone,  323. 
Tourmttne,  395. 
Towanite,  ^8. 
Tremohte,  384. 
Triclasite,  358. 
Triphane,  372. 
Triphylline,  415. 
Triplite,  415. 
TripoU,  322. 
Tritomite,  364. 
TromboUte,  466. 
Tpona,  327. 
TrooUte,  416. 
Troostite,  416. 
Tscheffkinite,  364. 
Tschewkinite,  364. 
Tuesite,  359. 
Tungstate  of  iron,  449. 
Tungstate  of  lead,  437. 
Tungstate  of  lime,  345. 
Tungsten,  405. 
Tungstic  acid,  405. 
Turgite,  443. 
Tumerite,  399. 


Turquoise,  354. 
Tutenague,  454. 
Type  metal,  420. 
T^Tolite,  466. 

TJLLMAinriTE,  455. 
Ultramarine,  398. 
Umber,  443. 
Uran  vitriol,  410. 
Uranic  ochre,  410. 
Uranite,  410. 
Uranium,  410. 
Uranotantalite,  403,  410. 
Urao,  327. 
Uwarowite,  361. 

Vamottinitb,  422. 
Yanadiate  of  copper,  466, 
Yanadinite,  437. 
Yanadium,  407. 
Yariscite,  354 
Yarvacite,  413. 
Yauquelinite,  437. 
Yelvet  copper  ore,  465. 
Yenice  white,  436. 
Yerd-antique,  336. 
Yermiculite,  375. 
Yerona  earth,  448. 
Yesuvian,  362. 
Yesuvian  garnet,  373. 
Yillarsite,  382. 
Yiolane,  363. 
Yitreous  copper  ore,  457. 
Yitreous  silver,  471. 
Yitriol,  blue,  4^55. 
Yivianite,  447. 
Yolborthite,  466. 
Yolcanic  ash,  370. 
Yolcanic  glass,  370. 
Ydlknerite,  399. 
Yoltaite,  449. 
Yoltzine,  426. 
Yulpinite,  343. 

Wad,  414. 
Wagnerite,  347. 
Warwickite,  402. 
Washingtonite,  403. 
Water  sapphire,  366. 
Wavellite,  353. 
Websterite,  356. 
WehrUte,  448, 
Weissgiiltigerz,  434. 


Weissite,  366. 
Wenierite,  366. 
Whewellite,  345. 
White  antimony,  422. 
White  arsenic,  417. 
White  iron  pyrites,  439. 
White  lead  ore,  436. 
White  nickel,  455. 
White  silver,  422. 
White  tungsten,  345. 
White  wolfi^un,  345. 
Wichtine,  377. 
Wichtisite,  365. 
Willemite,  428. 
Withamite,  363. 
Witherite,  329. 
Wihiite,  361. 
Wiloschine,  408. 
WShlerite,  383. 
WOrthite,  358. 
Wolchonskite,  408. 
Wolfram,  404. 
Wolfsbergite,  422. 
Wollastonite,  378. 
Wood-coal,  312. 
Wood-opal,  324,  v.  8. 
Wood-tin,  432. 
Wulfenite,  437. 

XA2TTHITE,  362. 
Xanthocone,  472. 
Xanthophyllite,  377. 
Xenotime,  349. 
XyUte,  448. 

Yanolite,  396. 
Yellow  ochre,  443. 
Yenite,  448. 
Ypoleine,  466. 
Yttria  saltSf  349. 
Yttrooerite,  349. 
Yttrotantalite,  349,  403. 

Zapfbe,  440. 
Zeagonite,  375. 
Zeuxite,  387. 
Ziegel-erz,  460. 
Zmc,  425. 
Zinc-bloom,  427. 
Zinkenite,  422. 
Zircon,  383. 
Zoisite,  363. 
Zorgite,  434 
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PART  III. 

DESCRIPTIVE    GEOLOGY, 


CHAPTEE  XL 


ON  THE  NATXJBE  OF  EOCKS,  THE  MODE  OF  THEIR  OEIGUNAL 
AaaRE^ATION  AND  SUBSEQUENT  METAMORPHOSIS,  AND 
THE  DIFFERENT  KINDS  OF  ROCKS  THAT  ARE  FOUND  NEAR 
THE  EARTH'S  SURFACE. 

484.  By  the  term  rock,  in  Geology,  is  imderstood  any  aggrega- 
tion of  minerals,  or  fragments  of  mmerals — ^whether  crystaffine  or 
amorphous,  hard  or  soft,  compact  or  loose, — rforming  an  essential 
part  of  the  mass  of  matter  subject  to  our  observation  near  the 
earth's  surface.  Bocks  may,  therefore,  be  mere  mechanical  heaps, 
presenting  no  structure,  and  nothing  from  which  their  history  can 
be  traced ;  or  they  may  be  mechanical  heaps  arranged  so  that  we 
can  readily  discover  the  law  of  their  formation ;  or  finally,  they 
may  be  so  fiar  modified  by  some  re-arrangement  of  particles — the 
result  of  chemical  action — ^that  the  history  they  present  is  that  of 
subsequent  change,  more  or  less  obscuring  the  evidence  of  original 
formation.  The  vast  majority  are  of  the  latter  kind,  since  few  rocks 
are  without  marks  of  some  action  which  has  changed  them  from 
their  original  condition,  but  to  determine  how  far  this  alteration  is 
the  residt  of  desiccation,  pressure,  the  attraction  of  cohesion,  or 
time,  and  how  much  of  it  is  due  to  chemical  causation,  has  rarely 
been  determined  by  geologists,  and  has  formed  but  a  small  part  of 
the  objects  of  chemical  investigation.  In  this  chapter  an  attempt 
will  be  made  to  lay  before  the  student  an  account  of  the  actual 
condition  of  various  rocks. 

485.  Eocks  may  be  regarded  in  two  ways,  either  as  derived 
from  certain  crystalline  masses,  such  as  granite,  presumed  to  be 
part  of  the  original  oxidized  film  of  the  earth  before  it  became 
affected  by  atmospheric  or  aqueous  agency,  and  thence  called  PW- 
mitive,  JEndogerums,  or  by  other  similar  and  significant  names ;  or, 
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as  mineral  substances  aecTimulated  at  first  in  a  manner  more  me- 
chanical than  chemical,  and  afterwards  changed,  by  the  action  of 
chemical  force,  into  the  condition  in  which  we  now  find  them. 
The  former  view  involves  the  idea  that  a  large  part  of  the  surface 
has  undergone  little  change,  and  that  masses  of  rock  remain,  for 
an  indefinite  period  of  time,  in  a  state  of  permanent  equilibrium, 
so  far  as  their  internal  and  molecular  arrangement  is  concerned. 
The  latter  view,  without  assuming  that  changes  have  really  taken 
place  in  these  respects,  admits  the  possibility  of  their  occurrence ; 
and  as  it  teaches  us  to  proceed  from  the  known  to  the  unknown, 
and  requires  no  statement  of  theory  at  starting,  we  shall  here 
endeavour  to  carry  the  reader  along,  step  by  step,  by  its  assistance, 
conmiencing  with  phsBnomena  that  we  can  explain  distinctly,  and 
advancing  gradually  to  those  concerning  which  we  can  only  spe- 
culate. 

486.  The  essential  ingredients  in  all  natural  combinations  on  a 
large  scale,  are  Quartz,  Limestone,  Clay,  and  Water ;  and  we  must 
refer  to  the  paragraphs  where  the  three  former  have  been  described 
as  minerals,  for  an  account  of  their  important  chemical  and  mine- 
ralogical  characteristics.  We  have,  however,  now  to  consider  them 
in  a  somewhat  different  point  of  view,  as  amorphous  masses,  com- 
pounded generally  of  several  substances,  and  admitting  of  many 
varieties  of  appearance  and  of  structure.  In  this  form  they  abound 
everywhere,  while  the  crystalline  forms,  unmixed  with  other  sub- 
stances, are  so  little  abimdant  that  we  may  safely  regard  them  as 
rare  exceptions  to  the  general  rule.  The  common  varieties,  the 
common  associations,  and  the  common  modifications,  are  the 
materials  for  the  geologist;  and  he  often  puts  aside  the  ciystal- 
line  mineral  as  an  object  of  interest  quite  distinct  from,  and  sub- 
ordinate to,  the  amorphous,  massive,  or  semi-crystalline  rock.  It 
must  not,  however,  be  concluded  that  the  crystal  and  the  mineral 
species  are  useless  even  to  the  geologist,  for  they  often  afford 
good  evidence  of  change  having  taken  place  in  the  whole  mass ; 
and  with  such  evidence  it  is  of  the  greatest  importance  that  he 
should  be  acquainted. 

487.  Although  the  great  mass  of  all  rocks  is  made  up  of  quartz,  limestone, 
or  clay,  or  admixtures  of  these,  there  are  many  other  substances  whose  presence 
is  not  less  invariable ;  although  the  proportion  they  bear  in  point  of  actual 
quantity  is  often  extr^ely  smsJL  Such  ingredients  may  be  regarded  as  of  two 
kinds — ^those  which  are  essential  in  giving  to  the  various  rock  masses  either 
their  character  of  usefulness,  or  the  marks  by  which  they  may  be  distinguished ; 
and  those  whose  presence  is  not  easily  recognized  owing  to  the  small  proportion 
in  which  they  exist,  or  which,  if  found,  are  not  known  to  have  any  useful  pro- 
perties under  the  circumstances  in  which  they  appear.  The  following  simple 
minerals  occasionally  form  rock  masses,  viz.  rock  salt,  calc  spar  Himestone), 
brown  spar  (carbonate  of  iron),  dolomite  (magnesian  limestone),  gypsum, 
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quartz,  mica,  obsidian,  pumice,  hornblende  and  augite,  chlorite,  serpentine, 
sulphur,  coal,  asphalt. 

In  addition  to  these  the  following  are  frequently  found  in  combinations,  viz. 
Leucite  and  yarious  felspathic  minerals,  various  zeolitio  minerals,  garnets,  fluor 
spar,  heavy  spar.  Amongst  the  metallic  oxides  iron  is  the  most  remarkable, 
giving  colour  to  almost  every  natural  substance,  and  performing  many  parts  in 
nature  of  infinite  importance.  Manganese  is  also  highly  influential.  The  bases 
of  various  alkaline  earths,  and  chiefly  the  salts  of  potash  and  soda,  are  present 
to  almost  equal  extent  and  in  nearly  the  same  way,  while  Carbon,  Magnesia, 
Sulphur,  and  Phosphorus,  among  the  solids,  and  Chlorine  and  27itrogen  among 
gases,  complete  the  list  of  substuices  of  this  nature. 

488.  Of  elements  widely  distributed,  but  whose  value  and  neces- 
sity are  not  so  manifest,  G-old,  Arsenic,  and  Titanium  are  well- 
known  metals ;  and  Fluorine,  Iodine,  and  Lithia,  other  substances 
also  widely  spread.  Some  of  these,  as  gold,  are  of  great  value 
when  obtained  in  sufficient  quantity;  but  in  the  proportion  in 
which  they  are  found  in  most  rocks,  the  cost  of  exiraction  would 
be  very  much  more  considerable  than  the  value  of  the  produce. 
Others,  as  Titanium,  have  no  known  value.  "We  may  regard 
these  substances  as  more  important  in  modifying  than  in  forming 
rocks ;  and  it  is  clear  that  when  there  is  any  possibility  for  chemi- 
cal action  to  take  place,  the  materials  at  first  accumulated  inde- 
pendently of  each  other,  will  soon  begin  to  act  on  each  other,  and 
may  in  many  cases  produce  combinations  totally  unlike  those 
origioaUy  constituted. 

489.  VVe  learn  from  the  investigations  of  modem  chemists, 
that  new  combinations  may  take  place  in  solid  bodies,  without 
either  substance  being  in  a  state  of  absolute  fusion  or  aqueous 
solution.  The  passage  of  an  electric  current  through  moist  clay, 
tends  to  produce  an  entire  re-arrangement  of  the  particles  of  the 
mass,  givmg  to  the  whole  a  lamination  which  the  original  did  not 
possess,  and  which  has  no  reference  to  any  original  lamination  of 
the  mass  itself;  and  also  separating  certain  impurities,  and  collect- 
ing them  into  simple  minerals  in  some  crevice  or  cavity. 

Amongst  the  evidence  of  this  kind  to  which  we  can  directly  refer  is  that  of 
Mr.  Bobert  Were  Fox.  This  gentleman  submitted  a  mass  of  moist  clay  worked 
up  with  acidulated  water,  to  weak  voltaic  action  ^for  some  months  ;  and  it  was 
found  at  the  end  of  that  time  to  exhibit,  when  dry,  a  rude  laminated  structure, 
the  planes  of  the  laminsB  being  at  right  angles  to  the  electric  forces.  Mr.  Hunt 
has  also  made  experiments,  extending  these  investigations  to  other  substances 
with  similar  results*. 

Besides  this  direct  evidence  with  regard  to  rocks,  there  have  also  been  obser- 
vations made  by  some  distinguished  chemists,  which,  so  far  as  they  go,  illustrate 
the  same  principle.  Thus  M.  Mitscherlich,  in  experimenting  on  the  sulphates 
of  lime  and  other  substances,  found  prismatic  crystals  of  nickel  distinctly 
modified,  and  the  internal  arrangement  of  the  atoms  changed,  by  a  few  days' 
exposure  to  the  sun's  rays,  without  the  exterior  being  affected ;  and  Sir  H.  De 

*  Mem.  of  Oeol.  Survey  of  Great  Britain,  vol.  i.  p.  451,  and  vol.  ii.  p.  631. 
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la  Beche  has  well  obseryed  in  quoting  this  experiment,  "  When  acquainted  with 
these  and  other  fiicts  of  the  same  kmd,  we  are  led  to  suppose  that  rocks  may 
not  only  become  visiblj  altered  by  the  long-continued  action  of  diminished  or 
increased  heat  upon  them,  but  timt  ther  may  also  haye  their  various  parts  dif- 
ferently arranged,  as  to  mutual  attraction,  without  the  general  appearance  of 
the  rock  being  sensibly  changed*."  The  same  author  adds,  in  another  place, 
"  Crystals  of  sulphate  of  zinc  and  sulphate  of  magnesia,  gradually  heated  in 
alcohol,  lose  their  transparency,  and  are  found  composed  of  numerous  small 
crystals,  differing  in  form  from  those  used  in  the  ei^nment."  MitscherUch  has 
observed  that  the  optical  properties  of  plates  of  sulphate  of  lime  and  other  sub- 
stances were  altered  by  changes  of  temperature ;  showing  an  alteration  in  the 
interior  structure  while  no  sensible  exterior  modification  could  be  observed  in 
the  plates.  The  various  tempering  of  steel  and  the  annealing  of  glass,  must  also 
arise  from  new  arrangements  of  the  particles  of  steel  and  glass  caused  by  heat 
insufficient  to  produce  Aision.  If  we  take  a  piece  of  common  green  bottle-glass 
and  expose  it  to  continued  heat,  insufficient  to  cause  fusion,  we  obtain  a  crystal- 
line substance  composed  of  numerous  prisms  arranged  at  right  angles  to  the 
sur&ces  of  the  glass,  the  external  form  of  which  remains  unalterec^  notwith- 
standing the  new  arrangement  of  the  internal  particles. 

.  490.  Among  mineral  substances  present  in  rocks  are  some  that 
have  been  apparently  derived  from  the  animal  or  vegetable  kingdom ; 
of  these  coal  is  the  most  remarkable.  This  mineral  consists  chiefly 
of  carbon,  but  it  occasionally  exhibits  organic  structure,  although 
generally  in  an  inorganic  state.  So  in  other  cases  the  accumula- 
tions of  shells  of  marine  animals,  consisting  of  carbonate  of  lime, 
although  inorganic  so  far  as  the  present  form  of  their  existence  is 
concerned,  are  clearly  due  to  organic  causation ;  and  the  infusorial 
mud  imbedded  near  the  mouths  of  rivers,  is  another  inorganic 
product  due  to  the  secretions  of  organic  beings.  It  is,  however, 
difficult  to  draw  the  Hne  between  that  which  is  and  that  which 
has  been  organic. 

As  long  as  by  direct  evidence  of  any  kind  we  can  trace  actual 
organization,  as  in  the  ashes  of  coal,  the  shape  of  a  sea-shell  or 
coral,  or  the  siliceous  skeleton  of  an  animalcule,  there  is  no  diffi- 
culty  in  determining  how  these  substances  were  introduced,  and 
this  is  especially  the  case  when  the  materials  form  part  of  regular 
beds,  amongst  which  it  is  easy  to  suppose  organic  remaiuB  would 
be  found.  Thus  in  the  mud,  sand  or  silt  of  rivers,  or  in  the  accu- 
mulations of  broken  material  near  a  coast,  no  one  would  be  sur- 
prised to  find  twigs,  leaves,  broken  shells,  fishes'  teeth,  and  other 
matters  of  the  kmd ;  but  when  we  discover,  as  has  been  lately 
done,  that  the  remains  of  animals  resembling  those  inhabiting  the 
land  and  freshwater  are  thrown  up  into  the  air,  as  volcanic  pro- 
ducts, from  islands  without  freshwater  in  the  middle  of  a  great 
ocean,  some  astonishment  may  well  be  felt,  although  the  fact  seems 
equally  beyond  question.  When,  however,  salts  of  potash  and 
soda,  together  with  phosphorus,  carbonate  of  Hme,  and  other  sub- 

*  De  la  Beche's  *'  TheoretiGal  Researches,"  p.  106. 
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stances,  are  the  only  evidences  of  the  former  existence  of  animals 
and  vegetables,  it  is  by  no  means  an  easy  matter  to  decide  how  far 
the  presence  of  a  certain  excess  of  particular  minerals  is  indicative 
of  organic  origin,  or  whether  this  unusual  proportion  is  the  result 
of  a  condition  of  the  earth  before  animals  and  vegetables  existed 
on  its  surface. 

491.  Geologists  generally  speak  of  the  various  rocks  presented 
to  their  notice,  as  separable  into  three  groups.  These  have  been 
named  respectively,  Mechanical,  Metamobphic,  and  Cbtstal- 
LDTE;  or  Aqueoits,  Metamobphic,  and  Igneous:  the  term Meta- 
morphic  indicating  an  intermediate  state  not  very  distinctly  limited 
in  its  meaning.  The  Mechanical  or  aqueous  rocks  are  understood 
to  include  all  the  ordinary  sandstones,  limestones,  and  clays,  or 
mixtures  of  these,  which  appear  to  have  been  deposited  from  water, 
and  which  show  lamination,  or  as  it  is  called,  stratification :  and 
on  the  other  hand,  the  Crystalline  or  igneous  group  comprehends 
certain  mineral  masses,  of  which  granite  is  a  familiar  example, 
.which  are  found  in  many  districts,  and  in  which  marks  of  mecha- 
nical deposit  cannot  generally  be  traced.  "We  shall  have  to  recur 
frequently  to  these  terms,  which  are  too  firmly  rooted  in  the 
scientific  language  of  the  day  to  be  neglected  or  disturbed ;  but 
,as,  in  fact,  there  is  hardly  one  of  the  infinite  variety  of  accumula- 
tions of  mineral  matter  at  the  earth's  surface  which  is  not  really 
metamorphic,  we  do  not  willingly  admit  a  distinction  which  is  cer- 
tainly not  of  Nature's  making. 

The  only  way  in  which  we  can  obtain  a  satisfia.ctory  notion  of 

the  different  groups  of  rocks  seems  to  be  by  referring  each,  as  far 

as  j^ossible,  to  its  origin  as  a  mechanical  aggregate,  and  then 

tracmg  the  various  transformations  or  metamorphoses  which  each 

may  undergo  when  exposed  to  such  chemical  action  as  we  can 

fairly  assume.     This  mode  of  treatment  has  at  least  the  advantage 

of  cUstinctness,  and  the  student  will  thus  see  as  he  advances  the 

bearings  of  the  subject,  and  also  recognize  its  weak  points  as  well 

a&  its  strength. 

492.  The  following  classification  of  rocks  is  a  modification  of  that  suggested 
by  Cotta*,  and  may  be  found  convenient  for  reference : — 

1.  BagaUic  rocks, 

2.  Oreenstones. 

8.  Trachtftic  rocks  (trachyte,   trachytic  porphyry,  obsidian  and  pumice, 
phonolite). 
.-    4.  Porphifries, 

5.  Oranites  emd  gneissie  rocks, 

6.  Mica  schists  and  chlorite  schists, 

7.  Cloff  rocks  (clay  slate,  shale,  day,  kaolin,  fuUer^s-earth). 

8.  SiUiseous  rocks. 


*  "  Die  6estdiMlehx«."    Freiberg,  1865* 
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9.  limestones,  dolomites,  emd  gypswn* 

10.  CarhotMceous  rocks  (graphite,  anthracite  ooal,  lignite,  asphalt). 

11.  Sandstones,  conglomerates,  hreecicu,  tufaceous  rocks,  gravels. 

Of  these  groups  we  may  sinele  out  three  as  including  the  yeiT  large  and  in> 
portant  class  of  mechanical  rodks  usually  stratified,  very  widely  oistrihuted,  and 
of  piincipal  importance.  These  we  may  call  the  sand  group,  the  lime  group, 
and  the  clay  group  respectively. 

The  Sand  Group, 

493.  The  simplest  mechanical  condition  of  the  rocks  referred 
to  this  group  is  that  of  fine  white  sand,  the  particles  heing  small, 
.  of  uniform  sis^e,  and  consisting  of  nearly  pure  quartz.  Such  ma- 
terial is  not  un&equently  seen  hj  the  sea-side,  and  it  is  there 
found  to  be  absorbent  of  water,  becoming  then  compact  and  eyen 
hard.  Such  material  not  unfi^quently  alternates  with  clays,  and 
if  met  with  in  sinking  a  shaft  or  maong  a  cutting,  readily  gives 
out  the  water  it  contains,  and,  when  of  loose  texture,  is  liable  to 
be  soon  removed.  It  is  then  called  quicksand*  Other  sands  have 
little  tendency  to  be  removed  in  this  manner,  permitting  of  drain- 
age without  much  loss  of  material. 

If  we  take  up  an  ordinary  piece  of  white  sandstone,  and  compare 
it  with  this  loose  sand,  some  differences  wiU  be  recognized,  and  we 
thus  are  introduced  to  the  first  and  simplest  modification  of  a  rock. 
The  particles  of  sand  have  now  been  consolidated,  and  a  texture  is 
observable  which  may  be  fine  or  coarse  according  to  the  size  of  the 
component  particles,  and  loose  or  compact  according  to  the  way  in 
whidi  it  has  become  solidified.  The  process  of  consolidation  may 
be  merely  the  result  of  the  force  of  cohesion,  for  no  doubt  the 
continued  contact  of  the  particles  under  heavy  pressure  may  pro- 
duce such  change ;  but  the  infiltration  of  water  containing  only 
the  small  quantity  of  silica  usually  present  in  sea-water,  or  holding  a 
little  clay,  lime,  or  iron,  is  often  the  immediate  cause  of  this  con- 
solidation when  due  to  inorganic  causes  only,  while  a  little  carbon 
or  bitumen  frequently  points  to  organic  agency. 

4i94i,  Loose  sand  exposed  for  a  long  time  to  great  heat  without 
pressure,  as  at  the  bottom  of  a  furnace,  will  sometimes  consolidate 
and  form  a  compact  and  veiy  durable  but  brittle  stone.  It  is 
di£&cult  generally  to  avoid  the  presence  of  a  small  quantity  of 
alkaline  earth,  which  serves  as  a  flux ;  but  examples  have  been 
often  obtained  of  pure  sand  forming  into  a  loose  rock  with  a  coarsely 
columnar  structure.  This  seems  to  be  a  first  approach  to  crystal- 
lization, and  is  .generallv  assumed  by  rock-masses  when  circum- 
stances are  favourable,  that  is,  when  they  have  long  been  exposed 
to  uniform  conditions  of  pressure  and  temperature ;  a  high  tem- 
perature not  being  required. 

495.  The  most  compact  fonn.  of  sand-rock  is  that  denominated 
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quartz  rocky  or  quartzite.  It  is  occasionally  found  compact  and 
crystalline,  little  differing  from  quartz ;  but  even  in  these  cases 
showing  a  tendency  to  divide  in  parallel  beds.  When  pure,  it  has 
an  aspect  obscurely  granular,  which  by  degrees  becomes  somewhat 
arenaceous ;  the  grains  varying  in  size  and  in  the  intimacy  of  their 
union.  In  some  of  these  examples,  it  appears  to  be  a  granular 
crystallized  mass ;  in  others  it  possesses  a  mixed  mechanical  and 
<;hemical  texture ;  while  in  a  third  the  rounded  aspect  of  the 
grains,  and  the  small  number  of  the  points  of  contact,  appear  to 
mdicate  an  origin  chieflv  mechanical,  and  resulting  from  the  ag- 
glutination of  sand.  Tnese  are  its  varieties  when  in  the  purest 
state,  and  cavities  are  sometimes  found  in  the  specimens,  contain- 
ing regular  although  minute  crystals*. 

The  rock  thus  characterized  is  considered  as  primitive,  but  the 
transition  &om  the  granular  to  the  crystalline  state  is  so  gradual  as 
to  justify  the  idea  that  the  one  is  but  an  altered  form  of  the  other. 

496.  iBeside  these  three  varieties  of  pure  sand-rock,  there  are 
inniunerable  others  presented  in  nature,  where  the  sand  is  associated 
with  clay,  calcareous  matter,  iron,  manganese,  and  other  impurities. 
We  append  analyses  of  some  well-marked  instances  from  building 
materials  used  in  England. 

lu  the  subjoined  table,  the  stones  referred  to  may  be  described  as  foEows : — 

1.  The  Craigleith  stone,  from  near  Edinburgh,  is  a  whitish  gren^  stone  with 
siliceous  cement,  slightly  calcareous,  with  occasional  plates  of  mica.  2.  The 
Darley  Dale  stone,  m>m  near  BakeweU,  is  of  light  ferruginous  brown  colour, 
has  an  argiUo-siliceous  cement,  contains  decomposed  felspar  with  plates  of  mica, 
and  has  irony  spots.  8.  The  Heddon  stone,  from  near  Newcasue-on-Tyne,  is 
of  light  brown  ochrey  colour,  and  is  similar  in  composition  to  that  fr^m  Parley 
Dale,  with  the  exception  of  tiie  plates  of  mica.  4.  The  Kenton^  from  the  same 
district,  is  also  of  light  irony  brown  colour,  and  contains  mica  in  the  planes  of 
bedding.  It  has  an  ary^o-siliceous  and  ferruginous  cement.  5.  The  Monoid 
stone  Nottinghamshire)  has  a  rosy  brown  colour  and  a  magnesio-calcareous 
cement^. 
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Conatitaent  minenla. 

1. 
Craigleith, 
80=3*233. 

3. 

Darley 

Bale. 

SG=S«0S8. 

3. 

Heddon, 

SOs8*339. 

4. 

KentoUf 

80s3*347. 

5* 
Mansfield, 
S6sS'338. 

Silica 

98-30 
110 
0-00 
0-60 
000 

96-40 
0-36 
0-00 
1-80 
1-94 

9510 
0-80 
0-00 
2-80 
1-80 

9310 
200 
0-00 
4-40 
0-60 

49-40 

26-50 

1610 

8-20 

4-80 

Carbonat'P  of  liir^e 

Carbonate  of  magnesia 

Iron,  alumina  

W  ater  and  loss 

10000 

100-00 

100-00 

10000 

100-00 

497.  The  quartzy  or  sand-rocks  may  be  thus  subdivided: — 


•  Maccttlloch's  "Western  Islands  of  Scotland,''  toI.  ii.  p.  281. 
t  Beport  of  Committee  on  BuildiBg  Stones. 
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1.  Quartz  sands,  valuable  in  the  foundry,  in  the  manufacture  of 
glass,  and  for  sawing  marble  and  other  stones.  2.  Sands  of  various 
Lterials,  with  dilerent  cementing  media,  forming  sandstones. 
Among  the  latter  are  the  greensands  (glauconite  and  quartz  with  a 
clayey  or  marly  cement),  micaceous  grits  (in  which  appear  a  lar&;e 
proportion  of  mica),  arkose  (sand  and  felspar  grains  cemente^, 
trappean  grits  (with  basaltic  and  quartz  sands),  shelly  sandstones 
or  grits  (mixed  quartz  and  fragments  of  shells).  These  may  be 
fine  or  coarse-grained,  and  either  laminated  or  compact,  the  latter 
valuable  as  building  material,  the  former  as  flags  for  paving  or 
occasionally  for  coarse  roofing.  3.  Orit-stones  orfine  conglomerates^ 
in  which  quartz  pebbles,  usuailv  small,  are  associated  with  smaller 
grains,  an&  cemented  together  kto  a  hard  mass,  often  used  in  the 
manufacture  of  mill-stones ;  and  4th.  coarse  conglomerates  or  mtd' 
ding-stones,  of  which  examples  are  not  rare,  but  which  are  seldom 
^vmlable  for  any  useful  purpose.  They  all  occur  in  most  parts  of 
the  world,  and  are  almost  all  more  or  less  coloured  by  iron.  They 
are  little  a^ected  by  acids,  and  usually  stand  exposure  well,  but  they 
are  often  associatea  intimately  with  other  sandstone  rocks  much  less 
pure ;  and  if  these  impurities  consist  of  carbonates  or  sulphates  of 
lime,  or  contain  potash  or  soda,  the  rock  is  apt  to  lose  its  valuable  and 
durable  character,  and  is  exposed  to  injury  from  disintegration. 

498.  In  quartzose  rocks,  and  in  veins  or  crevices  in  such  rocks, 
are  found  many  valuable  metals,  of  which  gold  and  platinum  are  the 
most  remarkable.  Iron  is  also  widely  distributed  through  them^ 
and  crystals  of  titanium  often  penetrate  massive  quartz  as  well  as 
quartz  crystals.     Garnets  often  occur  in  quartz  rock. 

Of  the  frtigments  of  quartz  rock  and  of  the  harder  sandstones 
are  formed  many  of  the  beds  of  gravel  common  in  various  parts  of 
the  world,  which  appear  to  be  deposits  left  behind  by  moving 
water,  and  originally  derived  from  the  breaking  up  ana  wearing 
away  of  much  larger  masses.  Except  when  a  Httle  oxide  of  iron 
or  carbonate  of  lime  has  served  as  an  imperfect  cement,  such  gravel 
has  rarely  undergone  any  true  consolidation ;  and  thus  we  have 
in  it  an  example  of  siliceous  rock  in  a  very  irregular  and  confused 
state.    Blocks  of  other  kinds  of  stone  not  unfrequently  appear  in  it. 

499.  Quartz  rock,  and  siliceous  accumulations  of  all  kinds,  are 
usually  very  barren  of  organic  remains — a  £act  easily  explained, 
when  we  consider  their  origin,  since  gravel  and  sands  are  not 
those  places  where  marine  a.nimals  chiefly  inhabit,  and  any  mate- 
rials of  organic  origin  conveyed  to  such  places  would  be  exposed 
to  much  injury  from  mechanical  attrition.  The  soluble  salts  and 
other  mineral  ingredients  of  organic  beings  might,  however,  in 
many  cases  become  collected  in  the  vicini^  of  suiceous  agerega- 
tions,  and  perhaps  under  various  conditions  tend  to  momrj^  the 
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rock.  This  is  especially  the  case  witli  seaweeds,  wbicli  have  in 
some  instances  been  present  in  great  abundance,  and  of  which 
indications  are  found  in  the  chemical  composition  of  the  enclosing 
rocks,  and  animal  bitumen  is  also  sometimes  found  in  sand  and 
quartz  rock  to  a  very  remarkable  extent. 

The  Lime  Qroup. 

500.  A  piece  of  soft  chalk,  or  the- soft  calcareous  mud  produced 
fipom  the  rubbing  and  pounding  of  Umestone  by  a  river  or  the  sea, 
presents  to  us  the  best  and  simplest  example  of  calcareous  rock  in 
its  first  stage.  It  consists  of  nearly  pure  carbonate  of  lime,  com- 
bined, however,  with  a  small  proportion  of  siUca.  "When  from 
calcareous  mud  a  portion  of  the  water  is  evaporated,  a  certain 
amount  of  solidification  is  produced,  and  we  see  Before  us  a  mineral 
into  which  water  is  readily  absorbed,  and  which,  if  exposed  to  the 
action  of  heat  under  considerable  pressure,  assumes  a  hard  and 
compact  texture,  becoming  either  chalk,  limestone,  or  marble ;  but  it 
is  rarely  that  calcareous  rock  occurs  in  nature  in  a  simple  and  pure 
state,  even  cr^rstalline  masses  often  containing  foreign  substances. 
Among  them  silica  is  perhaps  the  most  universsJ,  while  magnesia,  and 
to  a  smaller  extent,  potash,  soda,  iron,  manganese,  and  even  phos- 
phorus and  fluorine,  may  be  mentioned  as  extremely  common. 

Limestones,  moderately  solidified  and  tolerably  pure,  are  either 
finely  granular,  like  the  harder  varieties  of  chalk,  or  else  approxi- 
mate to  the  condition  of  what  we  may  call  earthy  marble,  examples 
of  which  are  abundant  in  the  south  of  France  and  the  north  of 
Italy,  and  are  well  adapted  for  building  purposes.  They  are  ex- 
tremely compact  and  of^ close  texure,  and  often  show  a  conchoidal 
fracture  when  broken.  They  are  hard,  white  or  cream-coloured, 
and  contain  few  of  the  fragments  of  animal  substances  present 
during  their  formation.  They  have  undergone,  apparently,  the 
same  change  as  the  finer  white  sandstones,  exhibiting  the  result  of 
a  simple  exposure  to  the  action  of  the  laws  of  cohesion  under 
favourable  circumstances. 

501.  Few,  however,  of  the  common  limestones  of  any  country 
are  thus  simple  in  their  composition,  and  very  few  mdeed,  if 
any,  fail  to  exliibit  in  some  way  or  other  marks  of  an  origin  which 
has  some  reference  to  organic  beings.  When  we  consider  the 
vast  quantity  of  carbonate  of  lime  which  is  daily  and  hourly  being 
separated  to  form  the  solid  parts  of  animals,  and  remember  that 
this  operation  goes  on  in  wiae  tracts  of  open  water  as  well  as  on 
the  sea-shore,  to  a  far  greater  degree  than  is  possible  on  land- 
that  every  race  of  mollusks,  crustaceans,  and  zoophytes,  inhabit- 
ing shells  or  building  coral  reefs,  or  constructing  other  stony 
skeletons  and  dwelling-places,  secretes  a  quantity  of  this  mate- 
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rial  from  the  sea-ivater,  and  renders  it  permanent  in  a  eolid 
form : — ^when  we  remember,  too,  that  the  quantity  secreted  by 
each  individual  during  its  brief  existence  is  almost  always  greater 
in  proportion  as  the  animal  is  smaller,  and  its  life  shorter,  and  that 
at  the  same  time  the  number  of  individuals  is  then  largest  and 
the  multiplication  of  the  species  most  rapid,  little  astonishment 
will  be  felt  at  the  vast  accumulations  thus  made  in  the  course  of 
years,  or  the  result  thus  produced  upon  the  mass  of  solid  matter 
m  the  earth's  crust. 

The  composition  of  limestones,  eyen  of  those  that  exhibit  no 
organic  remains,  corresponds  so  nearly  to  that  of  the  solid  matter 
secreted  by  animals,  and  it  is  so  difficult  to  understand  the  deposit 
and  formation  of  carbonate  of  lime  without  some  such  means,  that 
most  naturalists  have  admitted,  as  highly  probable,  the  suggestion 
that  all  rocks  of  the  kind,  exhibiting  mechanical  structure,  or 
affording  organic  remains,  are  partly,  if  not  entirely,  of  organic 
origin.  Whether  some  of  those  that  exhibit  even  the  greatest 
amount  of  crvstalline  structure  may  not  be  of  the  same  £nd,  we 
shall  presently  consider.  We  haye  not  here  taken  into  account 
the  deposits  of  travertin  and  stalactite  from  fresh  water,  as  these 
are  never  exhibited  on  a  very  large  scale,  and  do  not  affect  the 
general  question. 

502.  The  modifications  of  limestone  are  abundantly  distributed, 
and  are  many  of  them  very  valuable.  The  principal  are,  OoUtes ; 
Compctct  limestones,  more  or  less  crystalline ;  Limestones  that  may 
be  called  Massive  marbles ;  and  innumerable  varieties  of  Crystalline 
marble.  Other  kinds  are  present  only  in  comparatively  small 
quantities  and  in  particular  districts,  but  these  are  very  widely 
spread,  and  appear  under  different  names  in  every  district,  the 
degree  and  nature  of  the  modification  varying  almost  inde- 
finitely. 

Oolite  is  the  name  given  to  limestones  made  up  more  or  less 
completely  of  minute  egg-shaped  particles  (whence  the  name), 
generally  concentric,  and  often  consisting  of  calcareous  matter 
acciunumted  about  some  minute  point  of  organic  origin.  Many 
of  the  common  building-stones  of  England,  especially  those  from 
the  neighbourhood  of  Bath,  Portland  Island,  Ketton,  and  others, 
are  of  this  kind,  and  analyses  of  a  few  of  the  more  important 
will  be  found  useful.  Some  of  these  are  given  in  the  annexed 
table*. 

603.  Compact  limestones  and  massive  marbles  are  frequently 

*  Of  these  analysea  the  first  six  give  the  composition  of  the  residuum,  and  are  therefore  more 
detailed  than  the  others.  These  are  copied  from  the  "  Memoirs  of  the  Geological  Survey  of 
Great  Britain,"  vol.  ii.  ^art  2,  p.  685.  The  rest  are  from  the  "  Report  on  Building  Stones  for 
the  new  Houses  of  Parhament,"  and  were  made  under  the  supenntendence  of  the  late  Pro. 
fessor  Daniell. 
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so  far  altered  from  their  original  condition  as  to  have  acquired  a 
distinct  and  semi-crystaUine  texture,  a  fine  grain,  and  a  more  or 
less  jointed  or  crystalline  structure.  They  are  often  coloured  by 
metallic  oxides,  of  which  those  of  iron  are  by  far  the  most  abun- 
dant ;  they  constantly  exhibit  organic  remaius,  corals  and  shells 
being  the  most  common ;  and  they  almost  always  abound  in  small 
crevices,  which  may  perhaps  be  the  result  of  contraction,  owing 
to  the  removal  of  a  portion  of  the  water  they  once  contained. 
These  crevices  not  unfrequently  contain  crystals  of  pure  carbonate 
of  lime.     Caverns  are  very  common  in  limestone  rocks. 

Compact  limestones  pass  by  insensible  degrees  into  true  cryatal- 
line  marbles,  of  which  the  finest  examples  are  obtained  from  Italy 
and  G-reece,  but  which  are  not  wanting  in  other  districts. 

504.  We  conclude  this  description  of  lime  rocke  with  an  acoonnt  of  some  of 
the  more  remarkable  varieties  of  marble,  chiefly  from  Dana's  **  Manual  of 
Mineralogy." 

"  Verd  awtique  marble — Verde  awHco — is  a  clouded  green  marble,  consisting 
of  a  mixture  of  serpentine  and  limestone.  A  marble  of  this  kind  occurs  at 
Genoa  and  in  Tuscany,  and  is  much  valued  for  its  beauty.  A  variety  is  called 
JPolzwera  di  Genoa^  and  Vert  d^JSgypte, 

"  The  Oipolin  marbles  of  Italy  are  white,  or  nearly  so,  with  shadings  or  zones 
of  green  talc.    The  Cardiff  Ho  is  a  grey  variety  from  Corsica. 

"  Compact  limestone  usually  breaks  easily  into  thick  slabs,  and  is  a  conve- 
nient and  durable  stone  for  building  and  all  kinds  of  stone-work.  It  is  not 
possessed  of  much  beauty  in  the  rough  state.  When  polished  it  constitutes  a 
variety  of  marbles  accordmg  to  the  colour ;  the  shades  are  very  numerous,  from 
white,  cream  and  yellow  shades,  through  grey,  dove-coloured,  slate-blue  or 
brown,  to  black. 

**  The  Nero-awtico  marble  of  the  Italians  is  an  ancient,  deep  black,  marble ; 
the  Paroffone  is  a  modem  one,  of  a  fine  black  colour,  from  Bergamo ;  and 
Panno  di  morte  is  another  black  marble  with  a  few  white  fossil  shells.  Neither 
of  these  modem  black  limestones  of  Italy  is  equal  in  quality  to  that  of  Derby- 
shire. The  Sristol  marble  is  a  black  marble,  containing  a  few  white  shells,  and 
the  Kilkenny  is  another  similar  kind. 

"  The  Sosso-awtico  is  deep  blood-red,  sprinkled  with  minute  white  dots.  The 
Oiallo  OMticOy  or  yellow  antique  marble,  is  deep  yellow  with  black  or  yellow 
rings.  A  beautiful  marble  from  Sienna,  Srocatello  di  Siena,  has  a  yellow 
colour  with  large  irregular  spots  and  veins  of  bluish-red  or  purplish.  The 
Mandelato  of  the  Italians  is  a  light  red  marble,  with  yellowish- white  spots ;  it 
is  found  at  Luggezzana.  At  Verona,  there  is  a  red  marble,  inclining  to  yellow, 
and  another  with  large  white  spots  in  a  reddish  and  greenish  paste.  A  small 
quantity  of  deep  red  marble  of  fine  quality  is  obtained  from  Derbyshire. 

"  ThdPortor  is  a  Gfenoese  marble,  vary  highly  esteemed.  It  is  deep  black, with 
elegant  veinings  of  yellow.  The  most  beautiful  comes  from  Porto-Yenese,  and 
under  Louis  XIV.  a  great  deal  of  it  was  worked  up  for  the  decoration  of  Ver- 
sailles. Huin-marble  is  a  yellowish  marble,  with  brownish  shadings  or  lines, 
arranged  so  as  to  represent  castles,  towers,  or  cities  in  ruins.  These  markings 
proceed  from  infiltrated  iron  or  manganese.    It  is  an  indurated  calcareous  marl. 

"  Oolitic  marble  has  usually  a  greyish  tint,  and  is  speckled  with  rounded  dots, 
looking  much  like  the  roe  of  a  fish.  Shell-marble  contains  scattered  fossils,  and 
may  be  of  different  colours.    Crinoidal,  or  encrvnital  marble,  differs  only  in  the 
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fossils  being  mostly  remains  of  encrinites,  resembling  thin  disks.  Madreporic 
marble  consists  largely  of  corals,  and  the  surface  resembles  delicate  stars  :  it  i» 
the  Pietra  stellaria  of  the  ItaUans.  Fire  marble,  or  iMmachelle,  is  a  dark 
brown  shell-marble  having  brilliant  chatoyant  reflexions  from  within.  Sreccia 
marbles  and  Pudding-stone  marbles  are  polished  calcareous  breccia,  or  pudding 
sf^ne. 

"  Stalagmites  and  Stalactites  are  frequently  polished,  and  the  yariety  having 
banded  shades  is  often  highly  beautifrd.  The  Oibraltar  stone,  so  weU  known, 
is  of  this  kind.  It  comes  finom  a  cavern  in  the  Gibraltar  rock,  where  it  was 
deposited  from  dripping  water.  It  is  made  into  inkstands,  lett^'holders,  and 
various  small  artides. 

<-'  Wood  is  often  petrified  by  carbonate  of  lime,  and  occasionally  whole  trunks 
are  changed  to  stone.  The  specimens  show  weE  the  grain  of  the  wood,  and 
some  are  quite  handsome  when  polished. 

"  The  finest  statuary  marbles  come  from  an  Italian  quarry  at  Carrara  {Car- 
rara  marble) ;  from  the  Island  of  Paros,  whence  the  name  Parian  j  from 
Athens ;  and  from  Omofrio,  in  Corsica^  of  a  quality  equal  to  that  of  Carrara. 
The  Medicean  Tenus,  and  most  of  the  fine  Grecian  statues  are  made  of  Parian 
marble.  These  quarries,-  and  also  those  of  the  Islands  of  Sdo,  Samos,  and 
Lesbos,  afforded  marble  for  the  ancient  temples  of  Greece  and  Home.  The 
Partbenon,  at  Athens,  was  constructed  of  marble  from  Pentelicus." 

505.  The  common  minerals  found  in  veins  in  limestone  rocks 
are  Calc  spar ;  Iluor  spar ;  the  sulphurets  and  other  ores  of  lead 
and  zinc,  the  former  generally  associated  with  silver ;  the  sul- 
phurets, chromate,  and  other  salts  of  iron ;  the  oxides  of  titanium ; 
several  homblendic  and  augitic  minerals;  Mica  and  Chlorite; 
Salts  of  baryta  and  strontian ;  Serpentine,  Talc,  Steatite,  Apajite, 
Ghamet,  Emerald,  Graphite,  Bitumen.  Very  perfect  crystals  of 
quartz  sometimes  occur,  especially  in  the  South  of  Ireland. 

506.  Sulphate  of  lime,  or  Gypsum,  is  frequently  present  in 
sufficient  abundance  to  be  designated  as  rock,  and  is  then  valuable 
either  as  yielding  Plaster  of  Paris  or  frimishing  Alabaster  for 
pmamental  pxirposes.  In  the  former  case  it  is  earthy  or  massive, 
but  in  the  latter  semi-crystalline.  It  is  also  found  crystalline,  as 
in  Selenite.  Gypsum  is  frequently  associated  with  sands  accom- 
panying beds  of  common  Eock-salt.  The  masses  thus  found  are 
often  very  thick,  but  limited  in  extent. 

The  gypsum  beds  of  the  neighbourhood  of  Paris  consist  of  three 
distinct  masses  separated  by  beds  of  marl  (calcareous  clay),  and 
having  numerous  thin  bands  of  clay  and  marl  interstratified  with 
each.  Each  mass  has  some  special  characteristic,  and  may  be 
traced  to  a  considerable  distance.  They  contain  organic  remains 
rather  abundantly  distributed.  Gypsum  occurs  fi?equently  in 
lenticular  or  wedge-shaped  masses.  JJarge  quantities  are  obtained 
from  near  Newark  in  jf ottinghamshire,  and  from  Derbyshire. 

Phosphate  of  Hme  occurs  as  a  rock  in  some  districts  It  is 
usually  massive,  but  sometimes  earthy  and  sometimes  crystalline. 

Fluate  of  lime,  or  fluor  spar,  called  sometimes  Blue  John  by  the 
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miners  of  Derbysbire,  is  occasionally  found  in  large  quantities  as 
a  massive  mineral. 

507.  Carbonate  of  lime,  as  we  bave  seen,  often  contains  a  small 
proportion  of  carbonate  of  magnesia ;  but  when  the  latter  consti- 
tuent is  present  in  larger  quantity,  the  mineral  is  called  Dolomite^ 
Very  large  rock  masses  of  dolomite  occur  in  England  and  else- 
where. Dolomite  has  lately  been  recommended  as  a  building 
material,  and  is  used  in  the  construction  of  the  new  Houses  of 
Parliament.  The  following  analyses  of  five  of  the  principal  mag- 
nesian  limestones  employed  for  building  purposes,  will  be  usefiil 
for  comparison  with  other  rocks  : — 

AJE7ALTSES  OF  MAGKESIAK  LIMESTONES. 


Constituent  minerals. 

1. 

Roach 

Abbey, 

SG=2'134. 

2. 
Park  Nook, 
SG=2'138. 

3. 
Huddle- 
stone, 
SG=2-147. 

4. 

Bolsover 

Moor, 

SGs2*3l6. 

5. 

Bolsover 

Quarry, 

SO=2-324. 

Carbonate  of  lim  e 

57-50 

89-40 

0-80 

0-70 

'i-60 

55-70 

41-60 

000 

0-40 

"2-30 

5419 

41-37 

2-53 

0-30 

"i-61 

51-10 

40-20 

8-60 

1-80 

Trace. 

8-80 

54-05 
88-58 
1-30 
1-36 
1-50 
2-71 

Carbonate  of  magnesia. . . 
Silica 

Iron  oxide 

Manganese  oxide 

Water  and  loss 

« 

10000 

100-00 

10000 

100-00 

100-00 

1.  The  Roach  Abbey  stone,  from  near  Bawtry  in  Yorkshire,  is  of  whitish 
cream-colour;  semi-crystalline;  with  dendritic  spots  of  iron  or  manganese. 
2.  The  PcMrJc  Nook,  from  near  Poncaster,  is  cream-coloured,  and  in  part  crystal'^ 
line.  3.  The  Suddlegtone,  from  near  Sherburne  in  Yorkshire,  is  also  a  whitish 
cream-coloured  stone,  and  semi-crystalline.  4.  The  SoUover  stone,  from  near 
Chesterfield  in  Derbyshire,  is  of  light  yellowish-brown  colour,  and  almost  cry- 
stalline in  its  texture.  The  other  Bolsover  stone  (5)  is  from  near  Mansfield, 
and  is  of  brownish  colour.  The  specific  gravities  in  this  table  are  those  of  dry 
masses.  Those  of  the  crushed  particles  are  much  higher,  ranging  between 
2*840  and  2-867.  The  magnesian  limestone  used  for  external  work  in  the 
Houses  of  Parliament  is  from  the  neighbourhood  of  the  Bolsover  quarries. 

The  Clay  Qrov/g. 

508.  Under  this  title  are  included  chiefly  impure  silicates  of 
alumina ;  and  the  most  remarkable  varieties  of  these  have  been 
already  described  amongst  minerals  (§  359).  Common  clay  usually 
contains,  besides  silicate  of  alumina,  a  variable  proportion  of  silica, 
iron,  Hme,  and  water,  with  traces  of  manganese,  potash,  soda, 
magnesia,  and  carbon,  and  being  more  frequently  and  more  abun- 
dantly mixed  with  such  impurities  than  either  limestones  or 
sandstones,  some  extent  of  change,  or  modification,  can  generally 
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be  discovered  eyen  in  the  most  mechanical  and  least  altered  de- 
posits. Thus  in  common  clays  we  find  bands  of  fuller's  earth, 
crevices  filled  with  iron  pyrites,  sulphate  of  lime  (gypsum),  or  the 
salts  of  barytes,  and  other  minerals  which  seem  to  mark  a  sepa- 
ration of  materials,  at  one  time  distributed  through  the  mass,  but 
now  collected  into  distinct  spots. 

Clays  exhibit,  on  the  whole,  more  mixed  composition  than  other 
rocks ;  and  thus,  from  their  chemical  composition,  independently 
of  other  causes,  are  Hable  to  undergo  alterations.  The  presence 
of  sulphuric  acid  (obtained  from  the  decomposition  of  pyrites), 
and  of  many  alkaline  earths  and  other  substances,  must  often 
origioate  changes,  and  also  greatly  aid  those  commenced  during 
the  process  of  desiccation,  and  when  electric  ciurents  are  passing 
through  the  mass.  It  is  not  easy  to  select  from  the  number  of 
such  modifications  those  which  first  demand  attention,  but  the 
concentric  structure,  lamination,  and  separation  of  distinct  minerals 
into  veins  or  crevices,  afford  several  fliat  are  highly  interesting, 
and  most  valuable  for  study, 

509.  Many  masses  of  clay  found  at  and  near  the  earth's  sur&ce, 
though  of  great  thickness,  exhibit  but  little  division  into  distinct 
bands ;  whUe  others  again  split  readily  in  one  direction  into  plates 
more  or  less  thin,  hard,  and  durable,  according  to  the  place  from 
which  they  are  taken.  Clays  presenting  this  condition  are  called 
shales,  ana  they  are  usually,  if  not  always,  coloured  by  iron  and 
miogled  with  silica,  limestone,  and  other  impurities.  The  clays 
associated  with  coal  are  usually  of  this  kind.  Clays  that  are  not 
thus  modified,  as  well  as  most  shaly  or  schistose  rocks,  are  broken 
by  numerous  fissures,  which  seem  to  be  chiefly  the  result  of  con- 
traction ;  and  we  have  already  mentioiied  that  these  fissures  are 
often  filled  with  minerals,  separated  by  a  chemical  process  from 
amongst  the  impurities  or  miscellaneous  contents  of  the  mass. 
When  such  fissures  occur  at  tolerably  regular  intervals,  and  at 
right  angles  to  each  other,  they  tend  to  divide  the  whole  into 
rhombohedral  or  prismatic  masses,  and  thus  approximate  to  a  ciy- 
stalline  structure;  and,  frequently,  when  no  such  structure  prevails, 
the  separation  of  particular  minerals  takes  place  in  nodules,  which 
are  not  usually  concentric  but  laminated, 

irrom  shale  to  schist,  and  from  schist  to  slate,  are  transitions 
often  so  gradual  as  to  be  hardly  traceable.  ■  All  three  rocks  are 
laminated ;  but  the  latter  frequently  has  its  planes  of  lamiuation 
lost  and  obliterated  by  the  cleavage  which  has  supervened,  and 
which  has  often  induced  a  condition  nearly  c^staUine,  We  pro- 
pose, however,  to  describe  these  schists  and  shites  in  some  detail, 
as  they  form  important  rocks,  and  must  be  distinguished  from 
each  other,  and  from  shales  and  clays. 
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510.  ScKists  are  fundamentally  silicates  of  alumina;  but  varieties 
often  present  so  large  an  admixture  of  sand,  mica,  chlorite,  talc, 
hornblende,  actinoHte,  and  other  minerals,  as  to  admit  of  separate 
description.  The  presence  of  these  is  also  usually  connected  with 
atomic  change  or  metamorphosis,  exhibited  in  fact  in  this  frequent 
interpolation  of  simple  minerals ;  and  thus  the  circumstances  under 
which  the  latter  occur  become  important  as  part  of  the  history  of 
the  rock. 

Clay-slate,  or  slate  as  it  is  more  commonly  designated,  is  the 
most  important  form  of  metamorphosed  clay-rock.  It  is  usually 
stratified,  although  it  may  often  be  difficiilt  to  trace  the  beds* 
These  are  sometimes  extremely  irregular  in  their  forms  and  dispo- 
sition, and  they  vary  much  m  dimensions.  Where  the  slates 
alternate  with  other  rocks  the  beds  are  often  very  thin ;  but  where 
the  rock  occurs  in  extensive  tracts  and  unmixed,  they  attain  ta 
such  a  thickness  that  it  is  frequently  impossible  to  discover  the 

E laces  where  they  are  separated.  The  separations  between  the 
eds  are  sometimes  caused  by  intervening  rocks  of  some  other 
character ;  but  more  frequently  they  result  from  a  change  of  tex- 
ture in  the  parts  of  the  general  mass.  The  strata  are  subject  to 
flexures. 

The  peculiarity  of  slate  which  is  best  worthy  of  notice  is  its 
laminated  texture,  in  consequence  of  which  it  is  often  capable  of 
being  spHt  into  slates  of  considerable  tenuity.  This  quality  occurs 
both  in  the  finer  and  coarser  varieties  ;  but  the  former  possess  it 
in  the  most  perfect  manner,  although  many  of  the  latter,  sometimes 
called  gramoaeke  schistSy  are  sufficiently  divisible  for  economical 
purposes. 

In  most  cases,  the  hmhm  are  indefinitely,  although  imperfectly, 
divisible,  so  that  the  entire  structure  of  the  stone  is  schistose,  or 
nearly  scaly ;  but  in  others  it  appears  limited  to  some  definite 
dimension,  so  as  to  afford  thick  slabs,  which  are  now  much  used  for 
various  economic  purposes. 

In  general  the  schists  are  flat,  and  either  smooth  or  minutely  un- 
dulated. In  some  rare  instances  the  lamina  are  bent,  white  the 
strata  themselves  are  straight. 

A  flbrous  structure  is  not  unfreq^uent  in  the  finer  varieties 
of  slate,  and  it  is  often  combined  with  the  laminar  disposition. 
It  may  also  be  remarked  on  this  subject  of  structure,  that,  in  a 
bed  which  is  principally  laminar,  there  are  sometimes  found 
nodules  of  the  same  substance  maasive  and  imbedded ;  the  lamin» 
in  the  vicinity  accommodating  themselves  to  the  form  of  the 
nodule. 

Slates  are  frequently  divided  by  natural  joints,  which  are  either 
at  right  angles,  or  oblique,  to  the  plane  of  stratification.    Accord- 
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ing  to  tkese  drcuinstaiices,  they  frequently  separate  into  rhom- 
boidaL  or  prismatic  fragments,  more  or  less  regukr,  and  presenting 
great  diversity  of  form.  They  are,  moreover,  very  frequently 
intersected  by  numerous  and  minute  veins  of  quartz  or  of  cal- 
careous spar,  which  in  the  case  of  contortions  frequently  foUow 
the  flexures  of  the  schist  in  which  they  lie — a  fact  of  considerable 
iaterest  in  a  geological  view. 

511.  The  essential  minerals  of  the  argillaceous  schists  are  the 
peculiar  indurated  clay  which  by  itself  forms  all  the  simple  varieties, 
together  with  quartz  and  mica,  which  enter  into  the  coarser  or 
compound  kinds.  The  conglomerated  varieties,  or  the  coarse 
grauwackes,  contain,  in  addition  to  these,  fragments  of  some  of 
the  primary  rocks.  It  ought  also  to  be  added,  that,  in  some  rare 
instances,  grains  of  felspar  occur  in  such  a  manner  as  to  give  the 
rock  a  porphyritic  appearance. 

It  might  naturally  be  expected  that  the  minerals  associated 
with  argillaceous  schists  would  be  numerous  and  varied.  They 
include  oxides  and  sulphurets  of  iron  and  copper,  strings  of  quartz, 
Opal,  Calc-spar,  Wavellite,  Cyanite,  Andalusite,  Staurotide,  Garnet, 
Epidote,  Lazulite,  Topaz,  Smbite,  Chlorite,  and  others.  In  some 
schists  the  pyrites  are  so  abundant  and  so  readily  decomposable, 
that  they  form  aluminous  efflorescences  on  exposure,  and  convert 
the  schist  into  alum-slate.  The  same  thing  happens  occasionally 
with  shales. 

The  finer  kinds  of  roofing-slate  present  the  most  altered  form 
of  this  rock,  and  exhibit  perfect  cleavage,  completely  obliterating 
all  marks  of  organic  remams  and  original  bedding,  and  also  a  per- 
fect system  of  joints  dividing  the  mass  into  rhombohedral  portions. 
Whatever  may  be  the  origin  of  cleavage,  the  approach  towards 
crystallization  is  in  many  cases  not  less  perfect,  ^ough  in  a  dif- 
ferent  way,  thaa  that  of  sand  in  quartz  rock,  and  limeBtone  m 
crystalline  marble* 

Compound  Bocks, 

512.  We  pass  on  now  to  combinations  of  the  materials  forming 
simple  rocks ;  and  although  this  subject  has  been  partly  forestalled 
in  previous  paragraphs,  there  yet  remain  many  points  of  interest 
to  be  alluded  to.  These  include  first,  a  notice  of  some  ordinary 
mechanical  adnuxtures  of  sand,  lime,  and  clay,  that  do  not  properly 
come  under  the  denomination  of  any  one  of  these  titles ;  secondly, 
an  account  of  the  modification  of  simple  rocks  by  the  association 
of  a  large  proportion  of  simple  minerals ;  thirdly,  an  account  of 
certain  species  and  groups  of  simple  minerals,  forming  rocks  of 
great  extent,  too  complicated  to  be  included  amongst  any  rocks 
hitherto  described;  and  lastly,  a  notice  of  what  are  called  por- 
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phyritic  rocks,  or  those  very  commonly  described  as  granites,  and 
others  nearly  allied  to  them. 

513.  Admixtures  of  sand,  lime,  and  clay,  forming  rocks,  are 
rarely  sufficiently  uniform  to  admit  of  definition.  They  include 
marls  and  loams,  calcareous  clays  and  argillaceous  limestones,  and 
are  met  with  in  various  parts  of  the  world,  having  values  very 
different  according  to  the  circumstances  under  which  they  occur. 
They  often  owe  part  of  their  calcareous  contents  to  the  organic 
bodies  imbedded  in  them,  and  can  hardly  be  expected  in  any  case 
to  retain  the  same  character  over  a  wide  area. 


JLNALYSSS  or  COLOUBED  MABLS. 


Component  parts. 


Silica 

Alumina    

Lime 

Magnesia  

Soda  

Potash  

Iron  protoxide  . . 
Iron  peroxide  . . 
Carbonic  acid  . , 
Phosphoric  acid 
Sulphuric  acid  .. 

Chlorine 

Organic  matter.. 
Water  and  loss.. 


No.  1. 


48-80 
902 
8*24 
0-99 
0-49 
8-53 

12-83 


10-13 

trace 

016 

trace 

1-86 

8-95 


10000 


No.  2. 


48-40 
8-89 
8-70 
0-93 
0-48 
3-25 
4-62 
908 
8-64 

trace 
0-26 

trace 
115 
4-59 


98-99 


No.  3. 


70-20 

19-20 

0-22 


O'lOa 


6-00 
018 


4-10 


100-00 


No.  4. 


66*50 

22-90 

0*17 


1-70 
8-20 
0-13 

trace 

1-305 
4-10 


10000 


a.  Chloride  of  sodium.    5.  Carbonaceous  matter. 

Ko.  1  is  «  blue  and  No.  2  a  red  variety  from  Aust  Cliff  in  Somersetshire, 
opposite  Chepstow  at  the  mouth  of  the  Severn,  and  No.  8  a  red  and  No.  4  a 
grey  variety  from  near  Milford  Haven,  on  the  opposite  coast  of  the  Bristol 
Channel.  The  two  first  are  from  the  New  red  and  the  latter  from  the  Old  red 
liandstone*. 

514.  The  various  scliists  next  demand  careful  notice.  Mica 
schist  is  a  laminated  rock  of  variable  texture  and  fracture,  and 
grej  colour,  consisting  essentially  of  quartz  and  mica  in  varying 
proportions,  and  often  with  many  accidental  ingredients.  Garnets 
are  very  common  in  such  rocks,  and  they  sometimes  aboim.d  to  such 
a  degree  as  almost  to  equal  in  quantity  the  including  rock  and  mo- 
dify its  character.  Tourmaline,  Beryl,  and  Corundimi  are  also 
found  in  mica  schist.  Chlorite  schist  consists  of  quartz  and  foHated 
chlorite,  and  may  be  recognized  by  its  greenish  tint,  and  also  by 
the  more  tender  and  flexible  character  of  the  chlorite  and  its  soapy 

*  "  Memoirs  of  the  Geological  Survey  of  Great  Britain,"  vol.  i.  pp.  56  and  254. 


256 


DESCBIPTITX  GEOLOGY. 


feel.  Talease  sehist  is  the  name  given  to  those  rocks  where  talc 
replaces  the  mica  in  association  with  quartz.  Diallage,  Asbestos^ 
and  other  ma^esian  minerals  occur  in  it. 

Pollowing  the  plan  already  adopted  in  other  cases,  we  here 
append  anafyses  of  seyeral  schistose  rocks,  and  others  which  may 
hid  regarded  as  of  the  same  kind.  They  are  estimated  &om  the 
contents  of  the  component  minerals,  supposed  to  be  mingled  in 
the  usual  proportion,  and  are  thus  mean  results.  They  are  chiefly 
taken  from  De  la  Beche's  *'  Manual,"  3rd  ed.  p.  440. 

COMPOSITION  op  VABIOUS  MBTAMOEPHIC  BOCKS. 


Componeat  minerals. 


Silica  

AluminA , 

Lime  , 

Magnesia    

Potash    

Soda    

Iron  oxide 

Manganese  oxide... 
Fluorio  aoid   .... 
Water 


7006 
1503 
0-37 
1-66 
7-92 
0-00 
2-97 
0-20 
036 
0-66 


} 


99*23 


•a 
.  BSs'9 

""a 


71-86 
15-20 
0-25 
1-70 
3-37 
3-31 

301 

0-36 
0-35 


99-41 


7307 
1308 
017 
2*49 
506 
0*00 
408 
0-80 
0-54 
100 


{ 


99-79 


mi 


61-94 
15-45 
0-45 
1-66 
3-37 
000 
14-72 
1-23 
0-36 
0-66 


99-84 


63-71 
8-95 
0-25 
7-28 
0-78 
0-00 

15-31 
0-00 
0-00 
3-46 


99-74 


78*45 
0*40 
2-00 

13*20 
0-00 
0*00 
405 
000 
0*00 
1-50 


99*60 


•S^ 


U 


54-86 
15-56 
7-29 
9*39 
6-83 
000 
4-03 
Oil 
0*75 
0-00 


98-82 


515.  ffamblende  rock,  Gheenstone,  and  SorMende  schist,  are 
varieties  of  a  rock  frequently  associated  with  the  preceding  schists, 
into  which  also  they  pass.  Hornblende  rock  is  usually,  But  by  no 
means  always,  schistose.  It  consists  of  varieties  of  hornblende, 
which  are  of  dark  green  or  black  colour,  and  either  with  or  without 
felspar.  It  contains  no  quartz.  The  colour  of  the  rock  is  derived 
from  combinations  of  bla(^  and  green,  characteristic  of  hornblende 
as  a  mineral,  with  the  white  or  flesh-colour  of  the  felspar,  producing 
a  variety  of  tints,  in  which  grey  often  preponderates,  though  not 
without  a  prevaDing  tint  of  green.  In  some  cases  the  hornblende 
is  replaced  by  actinolite. 

516.  Basaltic  rocks  are  chiefly  composed  of  Augite  and  Labra- 
dorite  with  Leucite,  but  many  zeolitic  minerals  are  also  included. 
They  difler  from  the  |;reenstoneB  above  described  in  presenting 
augite  in  the  place  of  hornblende,  and  they  include  the  eruptive 
rocks  well  known  under  the  names  of  trap,  lava,  trachyte,  pumice, 
and  others,  whose  volcanic  origin  is  unquestionable.     AU  these 
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rocks  have  been  more  or  less  laminated  in  planes  of  bedding,  how- 
ever obscurely ;  and  this  is  the  case  also  with  such  rocks  as  HypeV" 
8thene,  JDialloffe,  Serpentine,  and  some  others,  which  are  so  nearly- 
crystalline  as  to  be  frequently  included  amongst  simple  minerals, 
and  which  belong  to  the  group  of  greenstones.  No  marked  line 
can  be  safely  drawn  between  these  and  the  Augitic  groups  of 
minerals,  for  all  have  very  close  relations  with  each  other,  but  still 
a  good  deal  of  difference  in  the  rock-masses  may  be  traced,  not 
only  or  chiefly  in  mineral  composition,  but  iq  the  localities  in 
which  each  prevails,  and  the  circumstances  of  association.  An- 
nexed are  analyses  of  such  of  these  minerals  as  exhibit  the  nearest 
analogies,  whether  of  composition  or  association.  (See  p.  256.) 
The  analyses  are  chiefly  those  quoted  in  Nicol's  "Mineralogy," 
but  several  are  added  from  other  authorities, 

517.  We  may  also  consider  here  another  class  of  rocks,  of  which 
the  materials  are  various  simple  minerals  cemented  together,  or 
various  minerals  crystallized  in  a  base,  these  also  being  modifica- 
tions of  ordinarv  conditions.  Certain  conditions  of  temperature 
may  be  required  in  this  further  transformation ;  but  it  has  not 
been  proved  that  intense  heat,  or  at  any  rate  a  state  of  igneous 
fluidity,  is  at  all  essential.  Bocks  of  this  kind  are  called  Por- 
'pTvyry  or  porphyritic,  and  the  best  known  (a  combiaation  of  quartz, 
felspar,  and  mica)  is  Ghrcmite,  But  there  is  a  rock  called  Gneiss, 
apparently  mechanical  in  its  structure,  which  forms  a  sort  of 
intermediate  state,  and  which  should  be  flrst  considered,  as  ex- 
hibiting the  transition  from  the  schists  already  mentioned  (con- 
sisting of  mica,  chlorite  or  talc,  with  quartz),  to  the  more  regular 
admixture  of  crystals  of  felspar,  mica,  and  other  minerals  in  a 
crystalline  base  generally  consisting  of  quartz. 

518.  G-neiss  is  essentially  a  compound  of  quartz,  felspar,  and 
mica  or  hornblende,  all  more  or  less  crystalline,  but  presented  in  a 
mechanical  order  of  arrangement,  the  crystals  preserving  a  general 
and  rough  parallelism,  so  as  to  give  a  foliated  appearance  to  the 
rock,  and  cause  it  to  split  rather  more  readily  in  some  one  direction 
than  in  any  other.  The  dimensions  of  the  strata  are  extremely 
various,  being  often  thick  when  not  alternating  with  other  schistose 
rocks,  but  thin  when  they  do  so  alternate.  Sneiss  is  often  hardly 
to  be  distinguished  from  granite  even  by  the  most  experienced  eye, 
and  it  is  sometimes  penetrated  by  granitic  veins  parallel  to  the 
apparent  planes  of  lamination.  The  contortions  of  the  strata  are 
remarkable,  and  on  a  very  magnificent  scale. 

The  varieties  of  gneiss  are  considerable,  and  it  is  necessary  to  describe  each 
separately.  The  three  marked  varieties  may  be  comprised  under  the  terms 
granitic,  schistose,  and  laminar. 

The  granitic  variety  is  distinguishable  by  its  general  resemblance  to  granite^ 
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which  it  also  emulates  in  the  infinite  variety,  intermixture,  magnitude,  and 
proportions  of  the  several  ingredients.  It  frequently  passes  into  granite  by  an 
undefinable  transition;  and  both  this  transition  and  the  resemblance  to  the 
granitic  character,  occur  chiefly  in  those  cases  where  the  beds  of  gneiss  are  in 
the  vicinity  of  granite.  At  the  point  of  junction,  the  two  rocks  are  sometimes 
undistinguishable :  and  a  similar  gradation  often  exists  in  those  parts  which  are 
traversed  by  granite  veins.  The  distinction  consists  in  the  general  parallelism 
of  the  mica  or  hornblende,  from  which  cause  the  rock  is  either  actually  fissile, 
or  at  least  displays  indications  of  foliated  structure.  As  that  structure  oecomes 
more  perfect,  it  recedes  further  from  granite. 

In  the  schistose  variety,  the  texture  is  commonly  minute,  while  the  position 
of  the  several  minerals  above-mentioned  is  more  accurately  parallel.  Hence 
the  rock  is  almost  always  readilv  fissile,  and  in  some  instances  possesses  this 
quality  in  perfection.  This  variety  passes  into  quartz  rock,  by  the  loss  of  its 
mica  or  hornblende,  or,  sometimes,  of  its  felspar  also  3  and  in  this  case  its 
structure  is  commoiJy  more  granular  than  when  it  passes  into  micaceous  schist. 
When  it  graduates  into  the  latter  rock,  by  the  loss  of  its  felspar,  it  is  generally 
veiT  distinctly  laminar  or  schistose. 

The  two  preceding  varieties  are  the  most  abundant.  The  laminar  is  rare,  but 
it  occurs  in  several  parts  of  Scotland.  In  this  variety,  each  constituent  mineral 
is  disposed  separately  in  lamince  nearly  continuous ;  and  as  the  quartz  and  the 
felspar  are  the  predominant  substances,  it  is  marked  by  considerable  peculiarity 
of  aspect ;  particularly  when,  as  is  not  unfr«quent,  the  former  is  white,  and  the 
latter  red,  or  when  their  colours  are  in  any  other  mamier  strongly  contrasted. 
When  perfect,  the  laminar  variety  presents  no  trace  of  a  granular  structure ; 
but  it  passes  into  both  of  the  preceding,  and  thus  loses  its  definite  character. 
Although  so  decidedly  laminar  in  composition,  it  is  fiur  less  fissile  than  the 
preceding  variety*. 

The  following  minerals  are  common  in  gneiss,  viz.  ActinoHte,  Calc-spar, 
Epidote,  Felspar,  Fluor  spar,  Gkimet,  Hornblende,  Idocrase,  Molybdenite, 
Oxide  of  iron,  Qiuurtz,  Tourmaline,  Zircon. 

519.  The  composition  of  gneiss  being  also  that  of  granite,  we  are 
thus  brought  to  the  consideration  of  this  important  rock  by  a  series 
of  transitions  perfectly  natural,  and  none  of  them  involving  any- 
extreme  amount  of  change.  At  the  same  time  it  should  be  clearly 
understood  that  the  condition  of  this  and  many  others  regarded  as 
imeous  rocks  does  not  in  any  case  resemble  that  of  fused  rocks, 
smce  the  only  examples  of  msed  rocks  of  which  we  have  any 
distinct  knowledge,  present  appearances  totally  distinct,  and  ex- 
hibit the  simple  minerals  and  elements  of  which  they  are  com- 
pounded in  an  entirely  distinct  system  of  arrangement.  We  have 
no  evidence  that  lava  by  any  change  connected  with  the  con- 
tinuance of  heat  could  part  with  a  large  part  of  its  soda  and  potash 
bases  and  obtain  magnesia ;  stiU  less  can  we  show  anything  like 
experimental  pioof  of  the  original  formation  of  felspar  crystals,  or 
mica  crystals,  in  a  siliceous  base  in  modem  or  ancient  lava,  or 
pumice,  or  the  separation  of  the  quartz  into  the  compact  mass 
found  in  the  true  porphyritic  rocks. 

*  Maoculloch's  "  ClasttficaUon  of  Rocks/'  p.  SfiS. 
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OOMFOSinON  OP  VAEIOUS  POBPHTBITIC  BOOKS. 


Component  minenla. 

1. 

Granite 

(Normal). 

a. 

Oranite 

(Felspa. 

thic). 

3. 
Oranite 

(Mica, 
ceous). 

4. 

Syenite 

(mean  of 

sereral). 

s. 

Greenstone 

(mean  of 

•ereral). 

6. 
Protogine 
(mean<rf 
■CToral). 

Silica 

7230 
15-80 

>   3-30a 
\  7-40 

7400 
1410 

2-50a 
6-80 

6810 
18-30 

5-30a 
6-40 

•  •  t     •  fl 

69-91 

10-37 

r   4-86 

\  6-26 

4-55 

2-69 
007 
0-50 

54-86 

15-56 

7-29 

9-39 

6-83 

403 
Oil 
0-75 

75-24 
6-59 
0-33 
9-26 

4-55 

108 

2-00 

Alumina 

lime  

Magnesia   

Potash    

Soda   

Iron  oxide 

Manganese  perox. 

Fluoric  acid  

Water 

98-30 

97-40 

98-10 

99-21 

98-82 

99-05 

a.  Includes  also  oxide  of  iron. 

The  composition  of  granite  conforms  with  that  of  the  other 
rocks  above-mentioned  much  more  distinctly  when  we  consider 
the  extremely  variable  composition  of  the  component  minerals,  at 
least  within  certain  limits.  Begarding  the  various  groups  as  sili^ 
cates  of  alumina  and  potash,  or  soda,  with  various  Valine  earths 
replacing;  the  alumina  or  alkaline  bases,  there  will  appear  little  to 
distinguish  the  granites  from  clay  slates  beyond  their  ciystalline 
condition,  and  the  presence  of  the  alkaline  bases  in  a  somewhat 
larger  proportion.  It  seems  clear  that  these  differences  are  better 
accountea  for  by  supposing  slow  change  in  rocks  originally  me- 
chanical by  the  simple  action  of  chemical  force,  than  by  assuming 
— ^for  which  there  is  no  sufficient  reason — ^the  original  igneous 
fluidity  of  rocks,  of  which  many  could  not  be  elaborated  in  their 
present  form  from  a  state  of  igneous  fluidity  by  the  agency  of  any 
laws  now  known  to  affect  mal^  at  the  earth's  surface. 

It  is  usual  to  apply  the  name  granite  only  to  porphyritic  com- 
binations of  quai^z,  felspar,  and  Lea,  and  to  recogWe  by  other 
names  the  examples  in  which  any  substitution  is  made  for  either 
mineral.  Thus,  when  hornblende  replaces  the  mica,  the  rock  is 
called  Syenite  (from  the  granite  of  Syene  in  Egypt) ;  when  the 
mica  is  replaced  by  talc  or  steatite,  it  is  Frotogine  (the  granite  of 
Mont  Blaiic) ;  and  other  names  have  been  given  to  differenl^ 
varieties. 

The  colours  of  granite  are  varied ;  that  of  the  hornblende,  where 
it  exists,  being  black,  or  extremely  dark  green.  G-rey  and  black 
tints  also  arise  from  the  presence  of  black  mica.  But  this  mineral 
is  also  either  white  or  brown,  and  is  thus  productive  of  corre- 
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Bpoudiug  diflerences  in  the  coloura  of  the  granite  iato  which  it 
ent«ra. 

The  felapar  is  subject  to  a  greater  variety  of  hue  thmi  either  of 
the  other  iDgredienta ;  and,  as  it  is  commonly  the  moat  abundant, 
it  often  regulates  the  colour  of  the  rock.  Dwt  red  and  white 
are  the  moat  common  extreme  of  colour,  and  it  is  also  found  of 
various  intermediate  tints  of  red.  Occasionally  it  is  ochre-yellow, 
pale  grey,  blackish  grey,  or  nearly  black,  and,  in  one  rare  instance, 
green. 

The  qumtz  of  granite  is  miwt  commonly  white ;  and,  being 
generaUj-  the  next  ingredient  in  proportion  to  the  felspar,  it  also 
Resists  in  many  eases  to  determine  the  colours  of  the  compound! 
Occasionally  it  is  grey  and  smoke-coloured,  sometimes  nearly 
black.  It  may  be  remarked,  that  each  of  these  three  principal 
component  nunerals  may  exist  of  different  colours  in  the  same 
compound.  Fig.  93. 

Qranite  and  porphyries  frequently  ~  ' 
appear  in  the  form  of  veiaa  occupy- 
ing crericea  and  flasurea  in  other 
rocks,  and  veir  often  filling  up  nar- 
row clefts  in  those  rocks  with  which 
they  are  in  contact.  Many  examples 
of  this  are  seen  in  Scotland,  and  of 
one  the  annexed  diagram  (fig.  98)  will 
give  an  idea.  Innumerable  others 
hare  been  noticed  and  described  in 
various  districts. 

520.  Granite  and  the  other  rocks 

of  the  same  kind  frequently  contun  Coatta  of  onniic  with  si^r  nxka  in 
metaUiferous  ores,  contMned  in  veins  ,.  P^Kan.S^u  of  g™i,. 
chiefly  parallel  to  each  other,  and  ».  Biido«dfr»gm«iuQ(iiBU. 
formiag  series  of  variable  interest.  The  metals  ia  England  from 
this  rock  are  chiefly  tin  and  copper ;  in  South  America,  sUver ; 
and  in  the  Ural  Mountains,  gold:  but  elsewhere  many  others 
are  found.  Many  simple  minerals  also  occur  in  these  rocks,  of 
which  the  following  are  the  most  remarkable,  viz.  ActinoHte, 
Andalusite,  Apatite,  Beryl,  Chryaoteryl,  Corundum,  Emerald, 
!Bpidote,  Graphite,  Idocrase,  Iron  oxide.  Iron  pvrites.  Jade,  Lapis 
lazuli,  Schorl,  Spodumene,  Sphene,  Stilbite,  Topaz,  Tourmaline, 
Tremolite.  These  are  of  course  independent  of  the  quartz,  felspar, 
and  mica,  which  are  the  essential  ingredients,  and  also  of  Chlorite, 
Talc,  Steatite,  and  some  other  minerals  that  occasionally  appear, 
taking  the  place  of  aome  of  these. 

521.  BeJerring  to  the  analyses  given  in  former  paragr^hs,  the 
reader,  if  his  attention  should  be  turned  te  the  chemi<^  beanngs 
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of  the  science  of  geology,  will  not  fail  to  notice  the  importance  of 
duly  estimating  the  extent  to  which  isomorphism  may  account  for 
the  yarieties  presented  in  the  composition  of  the  several  simple 
minerals  to  which  the  crystalline  rocks  most  nearly  approximate. 
In  the  case  of  soda  and  potash  this  is  remarkably  the  case,  there 
being  few  instances  where  either  of  these  bases  is  present  without 
the  other.  Lime  and  magnesia,  and  sometimes  oxide  of  iron,  re- 
place each  other  in  like  manner,  while  sometimes  water  takes  the 
place  of  some  of  the  usual  component  parts.  In  all  these  cases 
the  difficulties  of  obtaining  any  exact  idea  of  the  nature  of  rocks 
are  infinitely  increased  by  the  fact  that  it  is  only  in  crystalline 
minerals  that  any  approach  to  uniformity  of  composition  can  be 
traced ;  while  on  the  other  hand  the  usual  materials  presented  are 
amorphous  and  massive,  and  loaded  with  accidental  matter,  mask- 
ing and  obscuring  the  true  nature  of  the  fundamental  rock. 

622.  Another  difficulty  thrown  in  the  way  of  the  geologist  arises 
from  the  obscurity  that  at  present  hangs  over  the  whole  question 
of  the  composition  of  rocks,  in  consequence  of  our  ignorance  of  the 
essential  conditions  im.der  which  chemical  action  may  take  place. 
The  apparent  ultimate  identity  of  heat,  electricity,  and  chemical 
force  would  suggest  the  possibility  that  many  changes  are  pro- 
duced  even  in  solid  masses  of  rock  when  removed  from  the  earth's 
surface  below  the  stratum  of  invariable  temperature,  provided 
time  be  granted  to  sufficient  extent.  Such  changes  may  be  actually 
identical  with  those  produced  in  other  places  by  high  temperature 
acting  for  a  shorter  time ;  while  the  ceaseless  course  of  magnetic 
cmrents  through  the  external  film  of  the  earth  cannot  but  have 
great  influence  on  every  form  of  matter  exposed  to  its  influence. 
There  are,  however,  changes  that  would,  as  far  as  we  know,  be 
inevitably  produced  by  exposure  to  great  heat,  but  which,  on  the 
other  hand,  chemical  action  without  me  rapid  development  of  heat 
might  avoid,  and  certain  of  the  metamorpbic  rocks  have  probably 
been  derived  by  some  such  causation.  At  any  rate  it  is  safe  to 
conclude  that  there  exists  at  the  present  time  a  powerM  necessity 
of  reconsidering  the  whole  subject  of  the  so-called  igneous  and 
metamorpbic  rocks,  and  we  can  imagine  nothing  more  worthy  of 
the  attention  of  the  physical  chemist  than  to  obtain  and  record 
facts  bearing  on  these  interesting  problems  concerning  the  earth's 
history*, 

*  See  BisehoTs  **  Chemical  and  Fhyaical  Geology,"  of  which  a  valuable  abstract  is  in  course  of 
publication  by  the  Cavendish  Sodetr.  See  also  Bunsen's  memoir  **  On  Pseudo-volcanic  Phie- 
nomena  of  Iceland,"  published  in  the  same  Series. 
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CHAPTEE  XII. 

ON  THE  STRUCTUEE  AND  MECHANICAL  DISPLACEMENT 

OP  ROCKS. 

523.  HATora  explained  the  nature  of  rock  masses,  and  the  cir- 
cumstances under  which  they  may  have  been  accumulated,  we 
come  next  to  consider  the  actual  state  in  which  we  find  them,  or, 
in  other  words,  their  structure  and  ^position,  two  conditions,  a 
knowledge  of  which  is  of  the  highest  unportance  to  the  practical 
man,  and  on  which  all  accurate  knowledge  of  the  principles  of 
physical  geology  must  be  based. 

In  describiug  the  structure  of  rocks,  we  are  obliged  to  use  cer- 
tain terms,  already  defined  as  regards  mineralogy,  but  now  to  be 
employed  in  a  more  extended  sense.  Thus  the  lamination  which 
in  simple  miaerals  is  easily  disting^shable  as  a  distinct  and  well- 
defined  character,  must  in  these  rocks  be  regarded  as  extending 
through  whole  rocks  in  infinitely  varying  degrees  of  perfection. 
So  also  Cleavage,  which  is  a  character  determining  certain  mine- 
rals, and  enablmg  the  crystallographer  to  discover  the  ultimate 
simple  form  of  many  rough  and  apparently  shapeless  specimens, 
here  assumes  a  wider  range,  and  becomes  only  a  kind  of  lamina- 
tion ;  while  spheroidal  and  columnar  masses  are  exhibited  on  the 
grandest  scale,  and  we  have  conglomerates  which  put  on  every 
appearance  of  aggregation,  from  the  mere  heapiog  of  dissimilar 
materials  to  the  perfect  association  exhibited  in  true  porphyries. 

The  essential  points  of  structure  may  be  conveniently  deno- 
minated concretionary,  prismatic,  laminated,  wcAporphyritic,  Each 
iacludes  several  varieties,  and  each  is  frequently  referred  to  by 
geological  writers  under  distinct  names.  AH  are  more  frequent 
and  more  manifest  in  rocks  of  crystalline  or  semi-crystalline  tex- 
ture than  in  those  retaining  distinct  marks  of  their  mechanical 
origin ;  but  most  of  them  may  be  recognized  to  some  extent  in  all 
rocks. 

Concretionary  Structure. 

524.  Any  accumulation  of  similar  mineral  matter  in  irregular 
masses  included  in  other  rock!^,  or  any  condition  of  a  rock  in  which 
it  tends  to  separate  into  spheroidal  parts  with  or  without  concen- 
tric arrangement,  must  be  referred  to  the  kind  of  structure  called 
concretionary.  The  more  regularly  the  separate  aggregations  are 
arranged,  the  more  clearly  do  they  admit  of  description  and  defi- 
nition ;  but  they  are  not  necessarihr  concentric  in  any  case,  nor  are 
they  always  greatly  different  in  their  nature  from  the  enclosing 
rock.     Concretions  are  not  generally  crystalline  throughout  their 
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maas,  thougli  th^  sometimes  contain  crystals  either  in  veins  or 
disseminated.  Globular  or  reniform  concretions  are  found  in 
limestones,  sandstones,  and  clay,  in  almost  all  conditions  of  these 
rocks ;  while  the  more  complete  and  perfect  spheroidal  structure 
characterizes  basalts,  granite,  and  other  rocks  called  igneous. 
Spme  concretions  are  represented  in  the  annexed  diagram  (fig.  99). 


7 


Fig.  99. 


Lenticular  masses  and  nodules. 


The  forms  of  con- 
cretions are  various; 
they  are  sometimes 
nearly  or  absolutely 
spherical ;  in  whicn 
case  they  touch  by 
points  only,  and  the 
intervals  are  filled  by  the  same,  or  by  another  substance.  Exam- 
ples of  this  are  to  be  found  in  some  siliceous  schists,  and  in  some 
limestones. 

In  other  cases  they  are  oblate  or  indented,  or  assume  irregular 
shapes ;  and  they  thus  sometimes  form  a  mass  which  presents  an 
aspect  as  much  granular  as  it  is  concretionary.  Some  of  the  shales 
in  contact  with  trap  rocks  present  examples  of  this  structure. 
Such  concretions  sometimes  possess  a  distinct  lamellar  or  a  ra- 
diated structure;  md  sometimes  contain  a  central  particle  of 
another  substance. 

Bocks  of  this  structure  often  acquire  a  botryoidal  surface  after 
exposure  to  the  weather ;  and  in  some  instances  the  concretionary 
arrangement  is  so  concealed  in  the  apparently  uniform  fracture  of 
the  rock,  that  it  is  only  distinguishable  under  these  circumstances. 

In  addition  to  these  examples,  many  basalts  and  granites  con- 
sist of  a  mass  of  concentric  globes  of  various  dimensions,  but 
with  no  interstices ;  and  some  of  the  magnesian  limestones  exhibit 
large  heaps  of  detached  and  hard  spheroids  of  carbonate  of  lime, 
separated  only  by  magnesian  sand.  These  abound  in  the  magne- 
sian limestone  oi  the  coast  of  Durham,  where  they  are  accompanied 
by  very  singular  concretions  of  other  and  more  complicated  forms, 
some  being  honeycombed,  others  concentric,  and  others  laminated*. 

The  most  remarkable  instancee  of  concretionaiT  structure  tljat  have  yet  been 
described  are  seen  on  some  parts  of  the  coaSt  of  Durham,  where  the  magnesian 
limestone  forms  bold  cliffs,  which  appear  as  if  made  up  of  an  irr^ular  pile  of 
oannon-baUs.  In  this  case,  however,  the  carbonate  of  magnesia  forms  but  a 
subordinate  part  of  the  rock,  the  concretions  themselves  consisting  of  carbonate 
of  lime ;  and  it  would  seem  that,  during  the  process  by  which  the  concretionary 
structure  was  effected,  the  magnesia  was  almost  entirely  separated,  and  left  in 
the  form  of  dolomitic  or  magnesian  earth. 


*  See  an  admirable 
large  mineral  maases, 
vol.  iii.  p.  46l. 
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The  curious  spheiroidal  masses  above  alluded  to  are  found  associated  frith  the 
laminated  variety  of  magnesian  limestone ;  and,  on  separatiQg  the  beds,  the 
1amiTiff»  are  often  seen  not  to  be  continuous,  but  made  up  of  circular  plates, 
running  into  one  another. 

525,  Jdsgij  rocks  contain  numerous  bands,  which  consist  of  the 
aggregated  particles  of  some  one  mineral  originally  disseminated, 
and  now  separated  from  the  mass.  Thus  in  impure  clays  contain- 
ing some  carbonate  of  lime,  calcareous  nodules,  not  without  a  por- 
tion of  argillaceous  matter,  collect  into  distinct  layers,  as  in  the  bed 
of  clay  through  which  the  Thames  makes  its  way ;  and  in  other 
clays,  as  in  the  shales  of  the  coal-measures,  carbonate  of  iron 
abounding  with  earthy  impurities  has  been  frequently  found  in 
nodular  bands  paraUel  to  each  other  and  at  no  great  distance 
apart.  It  is  easy  to  perceive  that  these  were  not  rounded  before 
deposition,  for  tney  actually  graduate  into  the  enclosing  rock ;  nor 
are  they,  as  mi^ht  be  expected,  concentric,  but,  on  the  contrary, 
they  are  generaJUy  laminated,  the  laminae  having  the  same  direction 
as  the  great  mass  of  the  stratified  rock  of  which  they  form  a  com- 
ponent part. 

The  laminsB  of  such  nodules  are  parsJlel  to  those  of  the  shale  or  marl  in 
which  they  are  enclosed,  and  little  doubt  can  exist  that  they  once  constituted 
continuous  portions  of  each  other.  When  we  fracture  these  nodules  through 
their  centres  and  parallel  to  the  laminie,  we  generallv  find  some  fragment  of 
organic  origin,  which  seems  to  have  formed  the  point  of  attraction  to  the  various 
particles  of  calcareous  matter  that  have  assembled  together. 

526.  Layers  of  nodules  not  lamellar,  yet  composed  of  substances 
which  have  separated  out  from  the  constituent  parts  of  a  mecha- 
nical rock  after  deposition,  are  also  common  in  many  strata.  The 
ironstone  nodules  of  the  coal-measures  seem  to  have  been  thus 
produced.  They  also  sometimes  contain  organic  remains,  such  as 
portions  of  vegetables ;  but  as  very  many  of  them  have  no  or- 
ganic nucleus,  this  is  evidently  not  essential  to  their  formation. 

In  the  concretions  commonly  known  as  Se^taria,  Twrtle-stanes^ 
Ludi  Hehnontii,  &c.,  the  external  parts  have  first  become  consoli- 
dated, so  that  during  the  desiccation  of  the  interior,  the  internal 
parts  were  compelled  to  shrink  and  leave  cracks  towards  the  cir- 
cumference, the  largest  fissures  being  in  the  innermost  parts. 
The  subsequent  filling  up  of  the  cracks  is  generally  illustrative 
of  the  gradual  accumulation  of  matter  from  the  sides  of  such 
veins  towards  their  middle  portions.  Strata  above  strata  of  car- 
bonate of  lime,  ofben  combined  with  a  good  deal  of  clay,  cover  one 
another  until  the  sides  meet,  highly  crystallbie  matter  (calc  s^ar 
in  various  forms)  filling  up  the  irregular  cavities  that  remain. 
Nodules  of  this  description,  which  generally  exhibit  no  external 
trace  of  either  concentric  or  lamellar  structure,  are  frequent  in 
many  clays  and  marls*. 

*  De  la  Beche's  "  ReMurchM  in  Theoretical  Geology/* 
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627.  Concretionaiy  stnicture  then  generally  inyolyes  Bome 
changes  from  the  original  conditions  of  deposit,  but  these  run 
through  an  almost  infinite  gradation.  In  clays  the  concretions, 
as  we  have  seen,  consist  of  the  impure  and  earthy  carbonates  of 
lime  or  iron,  originally  disseminated  through  the  mass,  but  subse* 
quently  collected  into  definite  masses.  In  limestones  siliceous 
concretions  are  more  common,  but  sulphuret  of  iron  is  not  rare, 
'  while  in  siliceous  rocks,  as  sandstones,  we  find  marl,  gypsum,  rock- 
salt,  and  other  substances.  So  again  in  cavities  which  are  not 
veins,  we  find  concentric  masses  of  iron  and  manganese  oxides, 
and  of  carbonates  of  copper.  On  the  surface  of  clays,  such  mine- 
rals as  Websterite  appear,  and  elsewhere  the  magnesian  minerals 
form  into  concretionary  masses.  Fuller' s-earth  and  some  other 
minerals  belong  to  the  same  group  of  phenomena,  occurring  in 
segregated  bands ;  and  many  instances  of  substitution  observed 
with  regard  to  organic  remains,  must  be  regarded  as  of  sumlar 
nature. 

The  following  analyses*  of  red  marl  from  the  Old  red  sandstone  of  South 
Wales,  containing  comstone  (calcareous)  nodules,  and  also  of  one  of  the  nodules 
imbedded,  will  illustrate  the  nature  of  the  change  when  this  segregation  takes 
place.  The  rock  originally  must  haye  contained  a  good  deal  of  sihcate  of  alu- 
mina and  carbonate  of  lime,  or  in  other  words,  must  haye  been  a  chalky  mud. 

-    Marl.        Nodvde. 

Silica 64-3        19*5 

Alumina   21*1  7*2 

Carbonate  of  lime    0*2        69-3 

Peroxide  of  iron  9*6  2-2  * 

Water  4*5  0*9 

Traces  of  chlorine,  &c.,  and  loss 0*3  0'9 

100-0      1000 

528.  Different  as  they  may  seem  to  be,  concretionary  and  pris- 
matic structures  pass  into  each  other  by  insensible  gradations. 
The  former,  when  most  complete,  is  seen  in  spherical  masses, 
flattened,  as  if  by  pressure  against  each  other : — ^the  usual  condi- 
tion of  what  is  called  *  columnar  basalt,'  in  many  of  the  best  known 
and  most  remarkable  exhibitions  of  that  rock.  On  the  other  hand, 
the  prisms  which  are  most  characteristic  of  the  second  kind  of 
structure  are  also  frequently  rounded  at  the  angles,  and  decompo- 
sition proceeding  regularly  from  the  surface  towards  the  centa'e, 
lays  bare  the  concentric  arrangement  which  has  been  induced. 
But  it  is  not  always  that  the  wear  proceeds  thus  regularly.  It 
often  commences  in  several  places  at  once,  and  tends  to  spHt  the 
rock  into  coarse  laminse,  and  thus  indicates  lamellar  instead  of 
concentric  arrangement.     There  is,  however,  this  difference — ^that 

*  **  Memoirs  of  the  Muaeum  of  Economic  Geology,"  vol.  i.  p.  03. 
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in  the  structure  we  are  now  describing,  the  forms  approximate 
those  of  cubes,  or  rhombs,  and  represent  a  more  advanced  state  of 
crystalline  action  than  the  former :  and  in  most  cases  this  advance 
is  seen  even  in  the  texture  of  the  rock  and  the  nature  of  the  con- 
tained minerals. 

2.  Prismatic  8tructwre. 

529.  There  are  two  kinds  of  prismatic  structure — the  simple 
prismatic  and  the  columnar,  the  former  being  usually  observable 
on  a  much  larger  scale  than  the  latter,  and  affecting  such  rocks  as 
granite,  crystalline  limestone,  quartz  rock,  and  slate;  while  the 
mter  is  seen  best  in  basalt,  where  the  quantity  of  matter  is  by  no 
means  so  considerable.  All  the  rocks  exhibiting  either  kind,  con- 
tain occasionally  simple  crystalline  minerals,  and  between  inter- 
stices are  found  plates  of  quartz,  carbonate  of  lime,  sulphate  of 
baryta,  oxide  of  iron  and  manganese,  native  silver,  native  gold, 
platinum,  and  other  metals.  The  structure  of  the  rock  itself  is 
often  distinctly  crystalline;  occasionally  throughout,  but  more 
frequently  as  a  coimised  crystalline  mass,  or  an  amorphous  and 
massive  rock  in  which  crystals  are  imbedded.  Many  terms  are 
used  to  describe  this  condition  of  a  rock  in  which  it  splits  more 
readily  in  one  direction  than  another,  and  in  all  kinds  of  quarrying 
and  mining  a  knowledge  of  its  nature  and  amount  is  in  the  highest 
degree  important.  The  grain  of  granite  is  of  this  kind.  So  also 
are  the  joints  in  most  calcareous  building-stones,  and  the  aline  in 
coal.  The  structure  of  coal  offers  excellent  examples  of  this  kind 
of  structure,  coal  being  at  the  same  time  a  distinctly  metamorphic 
substance  and  presenting  unmistakeable  crystalline  characters. 

As  the  prisms  are  ofben  accumulated  parallel  to  each  other, 
being  of  the  same  length,  and  extending  for  a  considerable  space, 
they  sometimes  unite  to  form  beds,  or  pseudo-strata ;  such  beds 
appear  to  be  split  into  prisms,  and  the  apparent  stratification 
generally  takes  place  nearly  at  right  angles  to  the  axis  of  the 
prisms. 

3.  Laminated  Structwre, 

530.  Laminated  structure  includes  stratification,  dea^aae,  and 
foliation ;  three  conditions,  the  first  of  which  is  simply  mecnanical, 
and  belongs  to  all  rocks  of  mechanical  origin  in  greater  or  less 
degree,  while  the  two  latter  are  essentially  the  results  of  subse- 
quent action.  There  is  occasionally  found  also  a  tendency  to  con- 
centric arrangement  in  the  case  of  certain  rocks,  such  as  basalt 
and  granite,  where  no  evidence  exists  of  any  mechanical  origin 
whatever. 

Stratification  is  a  phsDnomenon  strictly  mechanical,  and,  as  seen 
in  rocks,  is  the  appearance  now  presented  by  a  series  of  accumu- 
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lations  originally  placed  one  over  another  in  regular  order,  and  (still 
retaining  evidence  of  the  order.  It  will  come  under  full  consi- 
deration in  the  next  chapter.  Cleavage  is  entirely  independent  of 
stratification,  being  the  result  of  the  subsequent  action  of  some 
unknown  forces  on  rocks  of  homogeneous  composition  origini^y 
stratified,  and  this  action  has  very  generally  taken  place  long  afber 
the  rocks  were  formed,  and  after  they  have  undergone  the  various 
elevations  terminating  in  their  present  position. 

531.  citation  is  a  term  that  has  been  given  to  a  structure 
analogous  to  cleavage,  characterizing  porphyritic  rocks  and  gneiss 
and  other  rocks  not  homogeneous.  In  these  the  splitting  tendency 
essential  to  true  cleavage  is  sometimes  well  marked,  but  the  sur« 
faces  are  often  undulated.  Foliation,  in  fa^t,  would  seem  to  be 
more  distinctly  the  result  of  crystalline  action  than  cleavage,  and 
to  reach  compound  rocks  whicn  are  often  the  least  liable  to  true 
cleavage.  Both  phsenomena  appear  liable  to  be  affected  by  the 
vicinity  of  quartz  veins  and  strmgs.  Socks  of  all  ages  and  of  all 
kinds  are  subject  to  lamination,  whether  originally  stratified  or 
manifestly  injected  or  upheaved  in  a  fluid  or  pasty  condition. 

The  ordinary  appearanoes  of  stratificatioii  mav  be  assumed  hj  foliated 
structure.  Thus  granite,  which  is  sometimes  really  bedded,  alternating  with 
schists  and  porphyries,  occasionally  shows  a  rough  kind  of  lamination  which 
is  due  to  the  concentric  arrangement  of  the  whole  mass,  and  the  curvature 
of  this  rough  baU  or  fragment  being  extremely  small  on  account  of  the  vast 
dimensions  of  the  spheroidal  mass,  the  curvature  of  the  Luninse  is  not  observable. 
Similar  concentric  arrangement  in  the  case  of  basalt  is  frequent,  but  the  balls  or 
spheroids  are  of  comparatively  small  size. 

"  Near  Monte  Video,  where  the  stratification,  as  it  would  be  called,  of  the 
metamorphic  series  is  in  most  parts  particularly  well  developed,  being  as  usual 

Earallel  to  the  foUation  "  (a  well-marked  phsenomenon  in  the  mica  sch^ts,  horn- 
lende  slates,  gneiss,  and  other  rocks  of  that  kind  in  the  district),  "  a  mass  of 
chloritic  schist  netted  with  quartz  veins  is  entangled  in  gneiss  in  such  a  manner 
as  to  show  that  it  had  certainly  originated  in  some  process  of  segregation.  Again, 
in  another  spot,  the  gneiss  tended  to  pass  into  homblendic  schist  by  alternating 
with  layers  of  quartz ;  but  these  layers  of  quartz  almost  certainly  had  never 
been  separately  deposited,  for  they  were  absolutely  continuous  with  the  nume- 
rous  intersecting  veins  of  quartz.  Hence  I  am  led  to  believe  that  most  of  the 
so-called  beds  are  of  the  nature  of  complex  folia,  and  have  not  been  separately 
deposited  *." 

532.  In  most  rocks  exhibiting  cleavage  there  is  some  evidence 
to  be  obtained  of  stratification,  and  some  proof  of  subsequent  me- 
chanical disturbance.  It  appears  that  generally  the  direction 
(strike)  of  cleavage  planes  is  parallel  to  that  of  elevation  or  to  the 
principal  anticlinal  axes  of  the  district.  In  Wales,  over  more  than 
two-thirds  of  the  Principality,  where  slate  rocks  are  abundant,  this 
direction  is  between  N.N.E.  and  E.N.E. ;  id  the  Lake  district  of 
Westmoreland  and  Lancashire,  E.N.E. ;  in  Devonshire  and  Com- 

*  Darwin's  "  South  America,'*  p.  l(M. 
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wall  it  is  generally  E.N.E.  to  E.S.E.  But  it  is  chiefly  in  South 
America  that  these  phsdnomena  are  presented  on  such  a  scale  as 
to  lead  to  a  notion  of  their  real  extent ;  and  there,  Mr.  Darwin 
informs  us,  that  for  a  space  of  300  miles  on  the  shores  of  the 
Chonos  and  Chiloe  Islands  (lat.  41°  to  46°  S.),  there  is  seldom  a 
deviation  of  more  than  a  point  of  the  compass  from  a  N.  19°  W. 
and  S.  19°  E.  cleavage  strike,  while  the  same  direction  is  retained 
with  little  change  over  a  very  much  greater  range  of  country.  In 
these  cases  there  seems  no  complete  coincidence  between  the  strike 
of  the  cleavage  and  that  of  the  strata. 

While  the  direction  of  the  cleavage  planes  is  thus  constant, 
there  seems  generally  to  be  a  wide  and  smsular  diversity  both  in 
the  amount  and  direction  of  the  dip  or  inchnation.  The  angle  of 
dip  is  generally  high,  varying  or  oscillating  from  one  side  to  the 
other  of  a  vertical  plane.  The  dip  of  the  cleavage  has  manifestly 
no  relation  either  to  that  of  the  beds,  or  to  the  changes  of  posi- 
tion which  they  have  undergone,  and  not  unfrequently  on  the 
two  sides  of  the  same  mountain  chain  we  find  the  inclinations 
opposite  and  convergiDg  downwards,  the  cleavage  planes  between 
them  being  vertical. 

This  is  the  case  in  the  Alps  and  other  mountain  districts,  and 
bears,  no  doubt,  upon  the  general  question  of  the  forces  involved  in 
the  production  of  the  phsdnomena.  In  some  cases,  though  not 
commonly,  a  second  cleavage  is  found  to  have  afiected  the  same 
rocks. 

633.  It  is  highly  probable,  if  not  absolutely  certain,  that  a  pro- 
cess of  change  has  gone  on  during  a  long  period  and  to  an  enor- 
mous extent  in  aU  rocks,  but  especially  in  xhose  silicates  of  which 
alumina  is  the  principal,  and  the  other  alkalies  and  iron  the 
secondary  bases.  The  effect  of  such  changes  has  been  to  re-arrange 
the  particles  of  the  rocks,  producing  a  new  and  perfect  lamination 
in  some  one  plane  determined  by  local  and  external  circumstances, 
and  a  less  perfect,  but  recognizable  lamination  in  a  direction  trans- 
verse to  the  principal  one,  tending  to  collect  like  mineral  masses 
in  these  planes.  Most  of  these  planes  will  be  found  parallel  to 
one  principal  line  of  direction,  having  distinct  relation  to  the 
general  elevating  forces  which  have  produced  the  existing  physical 
features  of  the  district,  and  have  terminated  when  these  physical 
features  were  firmly  and  permanently  impressed  on  the  earth's 
surface.  What  the  cause  may  have  been  we  will  not  here  specu- 
late, but  that  it  was  something  more  than  mechanical,  and  some- 
thing less  than  igneous,  may  perhaps  be  admitted  by  the  geo- 
logical student  as  the  most  useful  and  practical  conclusion. 
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4.  ParphyriUc  Structure, 

534.  The  last  important  variety  of  structure  is  porphyritie,  by 
which  term  geolo^ts  have  agreed  to  denominate  all  rocks  having 
crystals  imbedded  in  a  matrix.  G-ranite,  Syenite,  and  a  host  of 
other  rocks  are  of  this  kind,  and  trachytes,  basalts,  altered  slates, 
Ac,  may  be  named  as  approximating  to,  if  not  actually  exhibit- 
ing, a  smular  structure.  Judging  from  the  gradual  change  that 
appears  to  take  place  where  schistose  rocks  have  been  long  acted 
upon  by  crystaUme  forces,  it  would  seem  that  some  one  of  the 
substances  present  may  have  a  tendency  to  form  into  an  amorphous 
and  uncrystaUized  mass,  while  other  substances  more  readily  cry- 
staUizable  find  for  themselves  cavities  in  this  matrix,  and  crystallize 
as  completely  as  circumstances  will  admit.  Thus,  in  basalts  we 
find  cavities  filled  afterwards  with  leucite  and  other  volcanic 
minerals,  sometimes  amygdaloidal^  the  minerals  occupying  oval 
cavities  (Hke  almonds  imbedded  in  a  paste),  but  often  passing 
into  true  porphyry  (the  minerals  being  crystalline  and  implanted) ; 
while  in  South  America  claystone  and  clay-slate  exhibit  perfect 
transition  to  a  similar  rock,  and  contain  many  rich  veins  of  silver. 
Porphyries  often  contain  a  large  proportion  of  felspar  and  fel- 
spathic  minerals ;  but  it  will  be  evident  from  the  nature  of  the 
definition  given,  that  they  include  a  great  variety  of  very  different 
rocks  so  far  as  chemical  composition  is  concerned.  Let  us  now 
quit  the  subject  of  structure  and  proceed  to  that  which  is  only 
next  in  importance — ^namely,  the  mechanical  conditions  under 
which  the  various  rocks  occur. 


536.  In  whatever  way  rocks  have  been  formed,  they  exhibit  cer- 
tain phsDnomena  of  position,  which  are  of  the  greatest  possible 
interest  in  the  science  of  Geology,  and  with  which  it  is  absolutely 
necessary  that  the  student  should  be  acquainted.  Almost  au 
rocks  may  be  seen  either  reposing  on  others  or  with  othersr  re- 
posing on  them.  In  the  case  of  granite  and  other  porphyries,  and 
in  basalt,  the  materials  are  generally  superposed  in  thick  masses 
without  parallel  surfaces,  and  without  regularity  of  arrangement, 
'vrhiLe  the  masses  themselves  rarely  exhibit  any  structure  ap- 
proaching to  the  nature  of  laminal^on.  In  schistose  rocks,  and 
in  most  rocks  manifestly  of  aqueous  origin,  the  whole  mass  is 
found  to  be  divided  into  laminsB,  beds,  or  strata,  which  vary  much 
in  thickness,  and  in  the  minuteness  to  which  such  structure 
can  be  traced,  but  which  fully  justify  the  terms  laminated,  bedded, 
or  stratified,  as  applied  to  them.     Perhaps  the  simplest  conceivable 
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case  of  such  stratification  is  that  exemplified  in  the  annexed  dia- 
gram (fig.  100),  where  a  number  of  substances  are  represented  as 
lying  one  upon  another  in  regular 
and  unbroken  order.    These  sub-  Kg.  100. 

stances  may  be  either  of  difierent 
kinds,  or  afl.  of  the  same  kind,  but 
the  arrangement  gives  them  a  com-  -^^^^==^-13^^-1^^^ 
mon  character.  Again,  some  of  v??^!^M^p^^15^p?5p|^5^ 
them,  as  those  represented  m  the 
diagram  by  lines,  may  themselves  be  laminated  like  the  thin  bands 
of  the  same  bed  of  lime  or  marl,  while  others  may  be  merely  loose 
particles,  as  of  sand,  or  masses  of  clay  or  gravel  con^sedly  heaped; 
but  so  long  as  they  present  in  section  the  appearance  shown  in  the 
diagram,  they  may  safely  be  regarded  as  regularly  stratified,  and 
exhibiting  cowformahle  superposition. 

536.  The  strata  formed  by  the  deposit  of  materials  of  various 
kinds  from  suspension  and  solution  m  water,  although  the  types 
of  stratified  rocks,  exhibit  only  approximate  parallelism  even  under 
the  most  favourable  conditions  of  formation,  for  they  must  neces- 
sarily terminate  somewhere,  and  cannot  have  been  distributed 
with  perfect  uniformity  over  a  searbottom  which  has  itself  in 
many  cases  been  very  uneven.  Strata  thus  sometimes  thin  out, 
and  occasionally  on  the  other  hand  are  much  thicker  than  usual 
in  particular  spots.  Generally  it  will  be  found  that  thin  beds  are 
not  so  persistent  or  uniform  over  large  areas  as  those  of  greater 
magnitude,  but  many  exceptions  are  known  to  this  law ;  and  the 
magnitude  of  a  deposit  in  vertical  thickness  is  by  no  means  to  be 
taken  as  a  measure  of  its  horizontal  extension.  Examples  of  the 
thinning  out  of  deposits  are  given  in  diagram  99,  and  also  in  the 
subjoined  figure  (101). 

It  is  not  ofben  the  case  that  Fig.  101. 

the  same  stratum  can  be  con- 
tinuously  traced  at  the  surface      ^-^i'.-^H.^ri^^sv^^b'sS^'^^^^  ^ 

to  a  very  great  distance  in  two 
dimensions ;  but  when  such  ob- 
servations can    be   made,   it   is  Deposits  on  a  slopiBg  line  of  coast. 

still  more  seldom  that  the  bed 

is  found  to  have  throughout  precisely  the  same  appearance  and 

character.     The  thinning  out  already  alluded  to  is  not  always 

the  consequence  of  the  termination  of  a  deposit  by  what  we 

may  call  exhaustion  of  the  supply,  but  may  also  (as  in  fig.  101) 

be  the  result  of  the  form  or  bottom  on  which  the  deposit- was 

made. 

537.  Eegarding  the  various  ways  in  which  matter  is  now  being 
accumulated  in  river  beds  and  lakes,  and  on  coast  lines,  it  is  clear 
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th^  some  of  these  depoeits  will  be  nearly  bomontal ;  others  very 
irregul^  at  bottom,  adapting;  themselves  to  the  form  of  the  re- 
ceptacle in  Thick  they  are  placed,  but  approximately  horizontal 
at  the  upper  surface ;  others  sloping-  parallel  to  the  gradual  incline 
of  a  Bhelving  coast  line ;  and  others  m  a  basin-like  form  incUning 
from  each  side  towards  the  middle.  These  conditions  are  seen  in 
the  alight  sectional  diagrams  annexed,  which  hardlv  require  any 
further  description.  They  all  afford  examples  of  conformable  stra- 
tiflcation ;  although  in  one  (fig.  103)  the  form  of  the  surface  in 
which  the  upper  deposits  were  accumulated,  exhibits  a  great  ex- 
tent of  mechuiical  action,  which  marks  an  interval  of  time  that 
has  elapsed  between  the  termination  of  one  deposit  and  the  com- 
mencement of  the  next.     The  middle  diagram  (fig.  KH)  demands 


fig.  104. 


some  notice,  aa  showing  also  the  mechimical  action  of  water,  first 
eating  out  a  channel  and  afterwards  filling  up  that  channel  with 
transported  material.  Talleys  are  in  this  way  often  formed  and 
partly  obliterated ;  and  such  TaUeys,  sometimes  called  vaUeya  of 
denudation,  or  Talleys  of  erosion,  are  carefully  to  be  distingmshed 
from  others  that  we  shall  have  to  describe  presently,  and  in  which 
the  original  formation  is  altogether  different. 

538.  If  we  imagine  the  whole  external  crust  of  the  earth  to  have 
been  originally  covered  by  concentric  layers  deposited  from  water, 
and  that  the  present  outline  of  the  surface  has  been  produced 
by  the  partial  removal  of  these  coats,  we  might  represent  a  sec- 
tion through  some  district  by  the  diagram  (fig,  105),  where  we 


Fig.  106. 


may  take  a  as  the  lowest  of  the  lavers  that  can  be  observed,  and 
others,  8,  e,  d,  e,f,  g,  as  various  overlying  strata  of  nearly  the  same 
thickness.    If  eaeii  of  th^e  layers  have  an  average  thickness  of 
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4sOOO  feet,  the  whole  height  above  the  surface  required  to  lay  bare 
these  strata  would  be  something  more  than  16,000  feet,  and  a 
nearly  horizontal  line  on  the  surface  would  hardly  expose  more 
than  one  deposit,  as  seen  by  the  irregular  line,  AB.  But  if  the 
beds,  instead  of  being  pared  off  by  such  a  line,  were  partly  left, 
we  might  have  the  broken  surface  of  a  country  forming  a  series  of 
hills,  cliffs,  and  mountains,  the  latter  rising  to  a  height  of  16,000 
feet  or  more,  really  exhibiting  a  range  of  strata  to  that  extent. 
If  drawn  to  the  scale  of  nature,  however,  it  would  be  found  that 
a  very  wide  tract  of  country  would  be  needed  by  such  an  exhibi- 
tion, were  the  structure  as  we  have  assumed.  But  let  us  next 
suppose,  that,  owing  to  the  action  of  some  powerful  disturbing 
forces,  not  dissimilar,  perhaps,  to  those  now  elevating  parts  of  the 
Continent  of  Europe,  the  layers  originally  parallel  were  tilted 
up  in  particular  places,  until  they  made  an  angle  of  about  12^ 
or  15°  with  the  horizon  before  irregularities  of  surface  were  pro- 
duced. These  being  supposed  to  present  the  same  physical  fea- 
tures as  before,  we  shall  find  some  curious  results  :  nrst,  that  the 
broken  surface  may  present  even  smaller  variety  of  deposits  than 
before  ;  but  secondly,  that  a  nearly  horizontal  fine  oa  the  surface 
will  of  necessity  intersect  a  large  number  of  different  beds.  In  the 
diagram  (fig.  106)  where  these  conditions  are  illustrated,  the  line 

Fig.  106. 


deb  a 

Inclined  strata  laid  bare  by  denudation* 

A  B  will  be  seen  to  expose,  in  a  small  horizontal  distance,  the 
whole  number  of  beds  which  required  in  the  former  case  an  ele- 
vation of  more  than  16,000  feet ;  and  this  result  of  a  comparatively 
small  amount  of  vertical  displacement,  introduces  us,  therefore,  to 
the  consideration  of  those  frequent  cases  in  nature  where  a  mul- 
titude of  beds  come  to  the  su^ace  one  after  another  (being  tech- 
nically said  to  crop  out  or  basset),  as  we  advance  in  a  direction 
at  right  angles  to  that  of  the  axis  of  elevation,  while  in  the  direc- 
tion of  that  axis  the  same  beds  are  continued.  Thus  it  is  that 
when  beds  have  been  exposed  to  mechanical  displacement,  they 
may  be  described  as  having  a  true  direction  or  bearing  (which 
is  the  same  as  that  of  all  horizontal  lines  upon  their  sur&ces)  ; 
and  also  an  inclination  to  the  horizon  (which  is  that  of  a  line 

n5 
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at  right  angles  to  this  direction).  The  direction  of  the  bed 
is  called,  in  geological  language,  the  Hrike,  and  the  inclination, 
the  dip, 

539.  Many  causes  have  been  assigned  for  the  alteration  of  level 
observed  to  have  taken  place  in  beds  which  must  originaUj  have 
been  nearly,  if  not  absolutely,  horizontal ;  but  of  the  &ict  oi  sa«h 
alteration  at  various  times  and  to  very  different  amounts,  innii* 
merable  observations  in  all  parts  of  the  world  leave  no  doubt* 
Many  peculiarities  of  appearance  are  presented  in  nature,  Biani* 
festly  dependent  on  alternations  of  elevation  and  repose,  combined 
with  very  unequal  rates  of  deposit,  and  constant  changes  of  l^e 
matter  deposited.  Some  of  these  must  now  be  described  and 
explained. 

The  mechanical  displacement  of  rocks  by  movements  acting 
from  below,  has  been  constantly  going  on,  aSectiag  aU  deposits, 
and  producing  every  conceivable  amount  of  medication.  The 
disturbing  force  has  sometimes  acted  at  a  point,  but  this  must  be 
regarded  as  the  exception ;  and  if  we  consider  what  has  been  said 
ia  a  former  chapter  on  the  distribution  of  active  volcanoes,  it  will 
appear  that  lines  of  elevating  force  are  far  more  usual  than  mere 
pomts  of  elevation.  The  result  of  elevation  of  this  kind,  when  it 
does  occur,  is,  however,  to  produce  a  kind  of  dome,  or  central 
point  with  beds  dipping  from  it  ia  every  direction.  This  is  called 
sometimes  a  qtiaqtuwersal  dip  ;  and  "  craters  of  elevation,"  or  en- 
closed valleys,  generally  of  circular  or  oval  shape,  with  a  small 
central  elevation  and  rings  of  higher  ground  forming  rims,  are  the 
result  of  elevation  of  this  kind.  The  diagram  annexed  (fig.  107) 
shows  very  sufficiently  the  general  succession  of  valleys  and 
ridges ;  and  this,  when  the  section  is  the  same  in  every  direction, 
would  form  a  true  elevation-crater. 

540.  A  far  more  usual  mode  of  action  of  subterranean  force  is 
to  cause  a  general  elevation  and  a  fracture  more  or  less  complete, 
along  a  line  frequently  of  great  extent.  The  section  at  right 
angles  to  this  line  or  axis  of  elevation  is  seen  in  the  Httle  diagram 


Fig.  107. 


Fig.  108. 


Section  in  any  direction  acroM  an 
eLerataooi-ctater. 


Section  across  an  anticlinal, — the  beds 
firactured. 


annexed  (fig.  109),  which  simply  marks  the  bending  of  the  strata. 
If,  however,  as  must  generally  happen,  the  upper  beds,  unable  to 
resist  the  force  of  extension,  are  cracked  and  separated  by  an 
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interral,  we  hate  tlien  the  case  illustrated  in  another  fiketch 

(fig.  108).     Prom  these  diagmmH,  however  rough,  the  etudeat 

cannot  fail  to  discover  the  simpKcity  of  the  me- 

ohanical  laws  brought  into  action ;  and  it  will  be         ^?1,^^' 

observed  that  we  have  not  aaaumed  any  particular 

force  or  mode  of  disturbance,  but  merely  take  for 

granted  the  admitted  fact  of  there  being  some 

canae  of  pressm%  &om  beneath,  and  some  force 

ctHutaiLtly  acting.    The  line  of  direction  of  the  elevation,  or  the 

direction  of  the  ridge,  ie  in  theee  cases  technically  called  ui  anti- 

oUnal  axis, 

641.  Aa  a  picturesque  example  of  the  same  kind  of  action,  we 
may  next  direct  attention  to  another  diagram  (fig.  110),  repre- 

Kg.  110. 


senting  a  portion  of  the  Jura  mountains,  where  no  less  than  three 
pm-aUd  ridges  (or  anticlinal  axes),  of  the  same  kind  as  that  figured 
above,  are  included  within  a  very  smaU  space ;  one  of  them  (c) 
being  broken  and  forming  a  true  valley  of  elevation,  the  strata  in- 
clining on  each  8ide,;^w»  the  aiis  of  the  valley;  while  between  the 
others  (a,  b)  ib  also  a  valley,  but  in  this  the  beds  incline  on  each 
side  toward)  the  axis,  as  shown  in  the  next  diagram  (fig.  Ill), 
The  line  of  the  v^ley  is  in  this  latter  case  called  a  st/ncUnal  axi», 
or  simphr  a  syncl^uU,  from  the  position  of  the 
beds.     The  wave-like  undulations  of  the  beds  ^' 

are  well  shown  in  fig.  110,  where  the  small  let-  ^^^— -^^^ 
ters,  a,  b,  c,  d,  mark  the  different  strata  whose  ^^^^^^^^ 
course  cim  readily  be  traced  across  the  axes  of  '^f-; — ^^^ 
the  valleys  and  hills.     The  synclinal  may  mani-  Syndimd 

festly  be  due,  ae  in  the  first  diagram,  to  the  beds  being  afiected 
by  two  anticlinals ;  or  it  may  arise,  as  shown  in  the  other,  from 
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the  beda  having  sunk  down  into  a  hollow,  owing  to  want  of 
support. 

542.  When  the  elevation  of  a  series  of  beds  t^ea  place  on  a 
line  or  aiia,  the  tenden<:7  will  be  to  break  the  brittle  beds,  and 
Btreteh  those  in  any  way  elaatio.  It  is  important  that  the  student 
should  be  able  to  appreciate  the  nature  of  the  effect  produced  i" 
different  cases,  and  m  fig.  112  is  given  a  sketch  of  +'"'  ««*  f™.*— 
Fig.  112. 


>f  the  first  fracture 


n  (rf  the  mfue.bedt  on  eleritioii. 

when  the  beds  are  strained  beyond  endurance.  The  ends  of  the 
beds  must  be  kept  down  by  the  heavy  pressure  of  overljdng  strata, 
and  the  beds  themselves  possess  a  certain  amount  of  tenacity,  to 
admit  of  such  a  result  as  that  figured ;  but  slow  and  long-con- 
tinued upheavals  cuinot  fail  to  offer  abundant  opportunities  for 
similar  appearances.  The  elevation  having  proved  sufficiently 
powerful  to  crack  continuous  buids  of  sandstone,  limestone,  or 
other  hard  rock,  the  work  of  further  destruction  would  proceed 
very  rapidly,  and,  after  a  short  time,  little  would  be  left  of  the 
broken  portion,  beyond  some  new  rock  formed  at  a  distance  out 
of  the  transported  fragments. 

Complicated  results  of  elevation  on  an  axis,  or  on  two  or  more 


One  of  these  is  figured 
Pi^.  113. 


Outlier  nulliiic  from  i  double  u 


parallef  axes,  must  sometimes 
m  the  annexed  sketch  (fig.  113), 
where  a  mass,  a,  of  the  fractured 
strata  becomes  the  summit  of  a 
hill  thus  formed,  presenting  the 
appearance   of  a   repetition   of 

beds,  of  which  it  was  once  an  in-  

tegral  part. 

543.  Beds  that  have  Fi(t.ll4. 

been  disturbed,  and 
thrown  into  a  new  pQ- 
sition  bypressure  fi»m 
beneath,  do  not  always 
offer  the  phtenomena 
of  an  anticlinal  axis;  j 
they    are     sometimes 

thrown  off  on  one  aide  .    ,. 

of  a  mountwn  chain  in  """"^  "^'"'  '"^^  °" '  "™"^  ^'*'- 

the  manner  indicated  in  the  annexed  figure  (fig.  114),  the  igneous 
rock  of  the  fihain  being  in  the  centre,  and  occupying  the  chief 
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elevations,  while  the  beds  on  the  other  side  have  been  scarcely 
disturbed.  The  angle  which  the  beds  make  with  the  horizon  in 
such  cases,  varies  indefinitely  from  a  very  small  angle  to  nearly 
90°  ;  but  most  frequently  the  inclination  is  not  only  sensible  but 
considerable  in  the  immediate  vicinity  of  the  culminating  ridge^ 
It  is  evident  that  distinct  fracture  along  an  extended  line  of 
country  must  have  preceded  such  a  lifting  of  part  of  a  series  of 
beds  without  the  contemporaneous  elevation  of  the  other  part. 

644.  When  the  actual  continuiiy  of  beds  has  been  broken  during 
or  in  consequence  of  an  upheaval,  and  when  no  underlyiag  rock 
forced  through  the  mass  conceals  one  side  of  the  fracture,  it  is 
still  often  the  case  that  the  edges  of  the  fractured  beds  do  not 
reunite,  the  consequence  being  that  some  permanent  displacement 
is  produced.    Thus,  in  the  case  represented  in  fig.  115,  the  surface 


Fig.  115. 


«°«i*»af?wsHS 


Viii£ii 


^afe-5tv^ 


deposit  of  soil,  a  ft  ^ ,  is  seen  to 
cover  uniformly  beds  which  are  not 
continuous ;  and,  although  the  sur- 
face is  now  level,  there  must  have 
been  once  a  hill  formed  of  the 
whole  thickness  of  the  beds  d,  f, 
between  the  points  ft,  c.  The  name 
fault,  slip,  or  throw,  is  given  to 
such  a  displacement,  and  instances  occur  very  commonly  in  many 
districts.  Certain  rocks  seem  to  exhibit  faults  more  frequently 
than  others ;  and  probably  the  same  amount  of  disturbing  force 
has  affected  rocks  very  cufferently.  Paults,  when  accompanied 
by  a  chasm  subsequently  filled  up,  are  sometimes  called  dyhes. 
T?hey  vary  in  magnitude  from  a  rew  inphes  to  many  hundreds  or 
even  thousands  of  feet. 

645.  We  have  hitherto  been  considering  only  those  kinds  of 
stratification  that  are  conformable,  or  approximately  parallel  to 
each  other ;  but  it  frequently  happens  that  not  only  has  an  interval 
of  time  elapsed  between  consecutive  deposits,  but  a  certain  amount 
of  displacement  of  the  lower  stratiun  has  also  been  produced. 
Such  a  case,  in  its  simplest  form,  is  represented  in  fig.  116,  where 


Fig.  116. 


Fig.  117. 


Ci 


mK/mim 


'^ife»w    ■ 


Unconformable  stratification. 


horizontal  deposits  have  accumulated  about  a  projecting  fragment 
of  inclined  strata;  and  other  more  complicatea  forms  of  the  same 
condition  are  seen  in  fig.  117,  where  the  lowest  mass,  after  great 
displacement,  has  received  deposits  on  two  sides  of  a  hill  or  pro- 
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minence, — the  new  depoaits  being  parallel  to  the  principal  slope  of 
the  hill  in  each  case. 

646.  When  horizontal  deposite  have  taken  place  on  the  denuded 
surface  of  other  strata,  after  theae  latter  have  become  hi^hlj^  in- 
clined, the  result  represented  in  fig.  118  is  obtained ;  and  in  jour- 
Pig.lie. 


A  nllcf  of  draudttion  id  iiicUDfd  atntK  filled  up  with  hojuimtiil  deponti. 

neying  over  a  district  nearly  level  at  the  surface,  some  knowledge 
of  structure  and  some  practice  in  observing  are  needed  to  discover 
the  true  state  of  the  case.  When,  however,  the  clue  is  once  ob- 
tained, no  further  difGculty  exists,  and  many  apparent  anomalies 
in  drainage  are  to  be  explained  by  reference  to  this  arraugemeut, 
which  is  more  common  than  is  often  supposed  by  engineers  and 
agriculturists. 

617.  Horizontal  deposits,  covering  others  inclined  at  a  con- 
siderable ai^le,  have  sometimes  been  partially  removed  by  denu- 
dation ;  a  portion  of  the  inclined  bed  being  carried  away  at  the 
same  time.    A  case  of  this  kind  is  seen  below  (fig.  119),  and  a 

Fix.  119. 


A  nlle7  of  d«audAtJOD  cut  thnmgh  upconfomukblv  fltrmbi  maA  prodvdjkg  ui  oalliw- 

S Option  of  the  overlying  rocks,  c^ed  then  an  outUer,  is  entirely 
etached.  Here  agun  very  marked  results  are  produced  on  the 
drainage  of  the  district,  and  the  true  conditions  are  masked  and 
obscure.  Other  outliers  are  represented  in  former  diagrams  (see 
figs.  105, 106). 

648.  While  speaking  of  irregular  and  unconformable  masses, 
we  must  include  such  cases  as  that  shown  in  fig.  120,  which  re- 
presents in  section  what  is  sometimes  seen  in  chalk  or  other  rocks, 


Fig.  120. 
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(^efly  calcareous,  where  a  masB  of  gravel  or  other  rolled  nmterial 
collects  in  clefts  and  cavities,  and  forms 
considerable  deposits,  overlying  them  im- 
confonnably,  and  sometimes  valuable  aa 

metalliferous  ores,     Many  other   exam-     ___ 

pies  of  unconformable  auperposition  have  ___j=-  _  — "^^  -r—i 
been  observed,  some  on  a  smlall,  others  on  Hup  of  dctHuu  Biuag  up  deft* 
a  large  scale  j  but  those  we  have  described  "^  cmtia. 

are  the  principal  ones  that  have  an  important  practical  bearing. 

549.  We  next  have  to  consider  two  cases  of  considerable  im- 
portuioe  in  mining  districts,  where  the  unconformable  superposi- 
tion of  horizontal  depoaita  ohacures  or  entirely  conceals  the  ex- 
istence of  anticlinal  axes  and  other  local  disturoances,  the  results 
of  elevation.  In  fig.  121  a  number  of  depoaita  are  represented  aa 
Hg.  lai. 


Horuontal  d«potiu  nuaking  uk  uitkliniil  axu. 

elevated,  and  forming  a  marked  and  prominent  ridge ;  the  upper- 
most have  been  removed  by  fracture  and  denudation,  and  then  the 
whole  baa  been  covered  up  nearly  to  the  summit  by  varioua  hori- 
zontal beda.  In  paaaing  over  the  country  onl^  the  small  conical 
Mil  of  one  of  the  uplilted  strata  would  be  visible,  but  valuable 
beda  of  limestone  or  other  material  may  evidently  exist  concealed 
at  a  small  depth.  In  the  other  case  represented  in  fig.  122,  a  hill 
Fig.  1S2, 


Ahtllof  ignnuinK^pautntiTighoriioiit^  depoiiu,  ind  indiatiDg  old  ncki 
mclined  u  a  high  augle. 

of  igneous  rock  (baaalt  or  granite)  appears  at  the  surface,  and  the 
deposits  flanking  the  central  eleivated  mass  luw  atill  more  com- 
pletely concealed  thMi  before.    This  and  various  other  caaes  of 
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concealment  by  unconformable  enperpoBitioik  require,  aa  we  bare 
alreadr  said,  some  insigbt  into  the  laws  of  arrangement  of  strata 
to  underatand  and  apjdy.  Tbey  are  cases  extremely  common  in 
some  large  districts. 

550.  Appearances  resembling  unconformable  superposition  are 

sometimes  induced  near  igneous  rocks,  when  these  are  either  at 

the  Bur&ce  or  imbedded  amongst  other  rocks  at  no  great  depth. 

A  good  instance  of  the  first  condition  is  seen  in  figure  128,  where 

Fig.  128. 


ProtmuDa  of  bHolt,  tbe  Ihlh]!  il1h>  oto-l jin^  rocka  kt  tbft  aivfuCp 

also  other  results  of  disturbance,  and  a  valley  of  elevation  are 
shown,  ^e  mass  marked  b,  is  here  supposed  to  be  the  filled-up 
channel  through  which  a  melted  rock,  such  as  lava,  has  been 
forced,  Tbe  lava  having  first  spread  out  at  the  surface,  and  after- 
wards cooled,  we  have  one  of  those  instances  of  a  capping  of  hard 
basaltic  rock,  of  which  many  occur  in  India,  others  at  the  Cape 
of  Ckiod  Hope,  and  some  in  Ireland,  on  the  Antrim  coaet.  In- 
stances are  not  wanting  of  a  similar  kind  in  various  puiis  of 
England;  and  when  the  basalt  is  hto^er  and  decomposes  less 
readily  than  the  rocks  around,  these  tabular  masses  often  affect 
the  landscape  to  a  very  remarkable  extent. 

551.  When  massea  of  basalt  or  granite  are  not  evenly  spread 

out  at  tbe  surface,  but  contained  in  tbe  mass  of  a  mechanical  rock 

as  in  fig.  121,  the  horizontal  portion  ia  called  an  "injected  vein," 

Fig.  124. 


Van  of  cnp  in  Hdim< 

and  the  vertical  part  is  a  "  dyke."  §  544.  In  other  cases,  as  in 
fig.  125,  veins  give  off  small  nullifications  (a,  h,  c),  and  within  the 
principal  band  of  igneous  rock  are  found  small  fragments  (rf)  indi- 
cating a  condition  Dy  no  means  easily  eiplmned  on  any  hypothesis, 
and  perhaps  least  of  all  by  that  most  conunonlv  assumed — the 
former  igneous  fluidii^  of  the  contents  of  the  ayke.    However 
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tMa  may  be,  caaee  of  included  rock,  offenng  accurate  reBetublance 
to  the  cont^ning  maaa,  and  harisg  mauiKst  conuexioa  with  it, 
are  proper  to  be  meutioned  here  while  describing  the  mechamcal 
relations  of  rocbe  generally. 
The  fallowing  accoiwt  of  the  most  remarkable  baaalcio  dyke  in  England  will 

Sire  an  Idas  of  the  extent  and  magnitude  of  Bome  of  these  pluenomena.  Tbis 
;ke  commences  in  the  southern  part  of  the  Newcastle  coal-field,  near  Bishop's 
Auckland,  in  Dm'ham,  and,  running  in  a  direction  a  littie  south  of  east,  crosses 
the  Tees,  and  cuts  through  the  aecoudar;  rocks  of  Yorkshire,  being  traceable 
for  a  distance  of  nearl;  sixty  miles  in  a  straight  line.  It  then  communicates  by 
a  cross  dyke  with  a  third  dyke  almost  equally  extensive,  and  parallol  to  the  first, 
extending  from  Brampton  to  near  Alniriek,  in  Northumberland,  and,  like  the 
others,  passing  through  all  the  rocka  of  the  carboniferous  system. 
Fig.  125. 


552.  The  angle  of  elevation  of  disturbed  strata  in  tolerably  level 
countries  rarely  approaches  to  a  right  angle ;  and  it  is  only  in 
mountain  districts,  or  where  there  are  marked  and  considerable 
local  disturbances,  that  tbis  limit  is  at  all  reached.  Still  it  hap' 
pens  that  not  only  are  rocks  &irly  set  on  end,  or  made  to  exhibit 
vertical  stratification,  hut  sometimes  they  are  turned  over  so  as  to 
dip  for  a  time  in  a  direction  exactly  contrary  to  that  generally 
presented.  An  example  is  given  in  fig.  126,  and  the  gradual  re- 
covery of  the  true  dip  is  there  easily  seen.  In  some  districts 
cases  of  tbis  kind  are  troublesome  tmd  difficult  to  make  out,  and 
serious  mistakes  concerning  the  relative  positions  of  rocks  have 
arisen  in  consequence  of  them.  They  can  only  be  safely  decided 
on  by  following  the  beds  on  the  strike  till  the  more  natural  con- 
dition is  seen. 

553.  The  last  example  of  the  mechanical  displacement  of  rocks 
apparently  stratified  that  we  shall  here  refer  to  is  represented  in 
the  annexed  diagram  (fig.  127),  where  strata  are  seen  to  have  two 
weil-marked  directions  with  an  in-  j^^  13y_ 
termediate  portion  of  doubtful  bed- 
ding.    Examples  of  tbis  kind  are  in 
moat  caaes  due  to  crystalline  actionj 
but  whenever  noticed  they  require 
careful  and  minute  examination.  The                Doubtful  >ii»tiB™uon. 
student  cannot  be  reminded  too  often  of  the  necessity  of  learning 
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accurately  in  everv  inBtanc«  the  true  Btructure  of  a  dietriirt  under 
examinatioa  in  ^  its  details,  for  this  knowledge  will  always  be 
found  to  repay  the  labour  and  time  it  has  cost,  and  will  greatly 
asaifit  in  applying  geological  observation  to  important  practioaL 
uses.  Structure  is  of  all  subjects  in  geoloey  tlutt  to  which  least 
atteutiou  ia  generally  paid,  and  which,  notwithstanding,  best  repays 
the  closest  study, 

554.  In  addition  to  some  modifications  and  Tarieties  of  real 
stratificution  arising  from  the  nature  of  materials  and  slight  irre- 
gularities in  the  rate  of  deposition,  we  often  find  in  certain  rochs, 
especially  sandstones  of  loose  texture,  a  number  of  laminations  in 
various  directions,  which,  not  having  an;^  relation  to  the  circum- 
stances of  deposit,  are  called  "  false  stratificatiou.' '  In  fig.  128  an 
example    of    this    is 

shown ;  and  although  ^-  ^^ 

there  seems  to  be  b- 

mination    in    seven^ 

directions,    the    true 

direction,  if  there  be 

uiy,  does  not  appear. 

The  cause  of  this  cu-  App«™zi™  of  fiiu  imnifloHioii, 

rious  appearance  must 

be  sought  for  in  the  conditions  of  deposit. 

It  is  not  to  be  supposed  that  strata  must  all  have  been  origi- 
nfdly  horizontal,  many  causes  preventing  this,  especially  when  ac- 
cumulations are  rapidly  advancmg  on  steeply  shelving  coast  hues. 
The  exceptions  to  the  general  rule  cannot,  however,  extend  rery 
nidely,  and  are  not  likdy  to  affect  important  rocks,  although  this 
possible  cause  of  uncoiuormable  stratification  is  too  real  to  be 
neglected.  "  There  are  numerous  situations  off  the  edges  of  what 
are  termed  soundings,  or  minor  depths  of  water,  on  m&uy  and 
extensive  lines  of  coast,  where  we  can  ima^e  the  effect  of  the 
current  but  barely  sufficient  to  push  grains  of  sand  over  a  ste^ 
bank,  thus  causing  the  formation  of  strata  of  sand  with  an  incli- 
nation of  from  15°  to  30".  Minor  effects  of  this  cause  are  con- 
stantly observable  on  the  shifting  banks  of  rivers,  and  are  to  be 
found,  as  has  been  ofben  observed,  in  almost  all  Bandstone  rocks. 
The  formation,  therefore,  of  moderately  elevated  strata,  upon  a 
larger  scale,  is  precisely  what  we  should,  expect  under  iavourable 
circumstuices  *." 

555.  In  concluding  the  subject  of  stratification  and  the  me- 
chanical displacement  of  strata,  it  remains  only  that  we  re- 
mind the  student  of  one  important  feet — namely,  that  although 
it  has  been  regarded  as  a  prevuling  rule  that  a  given  stratum 

■  DeliBKbc'i  "BcMtfcbs,"  p.  U. 
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should  consist  of  only  one  rock,  or  even  of  one  modification  of  a 
rock,  yet  this  rule  is  far  from  uniyersal.  The  commencement  of 
a  deposit  may  be  in  sand ;  and  in  consequence  of  some  change  in 
the  direction  of  marine  or  river  currents  or  other  causes,  this  may 
by  degrees  give  place  first  to  loam  and  then  to  sandy  marl,  until 
at  length  a  calcareous  or  argillaceous  mud  comes  in,  totally  dif- 
ferent from  the  original  material ;  or,  which  is  perhaps  more  com- 
mon, a  deposit  ma^r  commence  with  coarse  conglomerate,  and  by 
slow  and  miperceptible  gradations  this  may  change  to  the  finest 
mud.  The  reverse  may  also  take  place ;  and  in  either  case  there 
may  be  no  possibility  of  marking  the  precise  spot  where  the  stra- 
tum changes.  Mere  difference  in  mineral  or  mechanical  condition 
is  not,  therefore,  of  itself  enough  to  distinguish  one  stratiun  from 
another.  This  change  may  occur  either  in  successive  deposits 
placed  vertically  above  each  other ;  or  laterally,  the  deposit  at  one 
part  of  a  coast  line  differing  from  that  at  another  part  not  far  off 
and  at  the  same  level. 

556.  We  have  hitherto  said  nothing  of  those  remarkable  appear- 
ances infinitely  common  in  some  districts,  where  strata,  instead  of 
presenting  their  usual  regularity,  are  twisted  and  contorted  into 
the  most  singularly  complex  forms.  This  crumpling  up  of  strata 
occurs  both  on  a  small  and  large  scale,  being  sometimes  confined 
to  a  small  portion  of  an  exposed  cliff,  and  sometimes  extending 
over  a  whole  country.  As  conducting  towards  an  explanation  of 
the  other  mechanical  disturbances  of  rocks,  perhaps  no  phsBno- 
menon  is  so  important ;  but  viewed  simply  in  reference  to  super- 
position, it  resolves  itself  into  a  succession  of  parallel  antichnal 
and  synclinal  axes,  multiplied  many  times ;  and  often,  in  conse- 
quence of  the  folds  being  partly  turned  over,  inverted  strata  are 
thus  presented. 


CHAPTER  Xni. 


ON  THE  CLASSIFICATION  OF  BOCKS  GENERALLY,  AND  ON 
THE  DISTRIBUTION  OF  ORGANIC  REMAINS,  AND  THEIR 
VALUE  IN  DETERMINING  THE  RELATIVE  AGES  OF  ROCKS. 

557.  The  classification  of  rock-formations,  like  that  of  minerals, 
is  a  difficult,  but  very  necessary  subiect,  and  requires  an  appre- 
ciation of  several  facts  in  the  natural  history  of  ammals  and  plants 
which  we  have  not  yet  considered.  Little  difference  has  mdeed 
existed  amongst  geologists  of  late  years  with  regard  to  the  general 
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plan  of  arrangement,  the  main  points  of  discussion  having  had 
reference  to  matters  of  detail,  and  the  packing  in  of  particular 
beds  in  an  upper  or  lower  series.  But  some  few  anomalies  of  posi- 
tion, and  some  difficulties  in  connecting  rocks  found  in  distant 
countries,  still  remain,  and  towards  the  solution  of  these,  the  in- 
vestigations of  travellers  and  descriptive  geologists  should  be 
direc^d.  It  is  only  by  knowing  what  is  already  determined  con* 
ceming  the  superposition  and  representation  of  rocks  in  our  own 
coimtiy,  and  otters  adjacent,  that  we  can  hope  to  arrive  at  con- 
clusions concerning  these  less  manifest  relations,  and  thus  the 
study  of  the  descriptive  geology  of  one  district  is  a  useful  and 
necessary  preparation  for  the  general  science. 

Nor  is  it  less  important  to  the  engineer  or  miner  to  learn  the 
details  of  structure,  superposition,  and  relative  date  of  rocks  in 
some  one  district.  The  differences  that  exist  amongst  rocks  of 
the  same  age ;  the  resemblance  between  those  formed  at  different 
times,  but  under  similar  circumstances ;  and  the  laws  of  composi- 
tion, arrangement,  and  disturbance  of  the  materials  accumulated, 
are  only  to  be  learnt  in  this  way,  and  the  application  of  geological 
knowledge  cannot  be  made  without  some  familiarity  with  the 
habits  of  nature  in  the  maimer  here  suggested. 

658.  It  is  easy  to  see,  that  in  whatever  way  we  consider  the 
various  layers,  beds,  or  strata,  manifestly  making  up  the  earth's 
crust  in  many  districts,  they  are  the  results  of  a  succession  of 
operations,  all  requiring  time,  so  that  we  may  speak  of  those  me- 
chanical and  deposited  rocks  which  occupy  the  lowest  position,  as 
the  oldest  in  date,  except,  indeed,  when  the  beds  have  been  actu- 
ally inverted  by  mechanical  violence,  a  condition  illustrated  in  a 
former  diagram  (fig.  126),  and  undoubtedly  possible.  This  in- 
version, however,  occurs  rarely,  and  is  confined  to  certain  limited 
districts. 

"Where  the  rocks  are  not  only  laminated,  showing  marks  of 
deposition  from  water,  but  also  contain  the  remains  of  animals 
and  vegetables  of  any  kind,  we  may  judge,  in  some  measure,  from 
the  w&j  in  which  these  occur,  of  the  actual  rate  of  deposition. 
Thus,  if  a  bed  of  limestone  is  made  up  of  thin  bands,  loaded  with 
fragments  of  shells,  and  alternating  with  layers  of  perfect  shells  of 
gregarious  animals,  as  oysters,  accumulated  to  considerable  thick- 
ness and  occupying  the  relative  position  in  which  they  lived,  we 
may  be  sure  that  the  deposit  has  been  slow  and  regular;  for  these 
animals  require  a  certain  time  for  the  growth  of  a  single  layer,  and 
a  great  many  years  for  the  accumulation  of  a  thick  bed.  So  it  is 
with  masses  of  vegetable  matter,  and  other  collections  of  organic 
bodies ;  while  the  most  striking  example  of  all  is  seen  in  the  case 
of  coral,  which  when  built  up  in  vast  walls,  forming  mountain 
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masses,  must  certainly  have  required  many  centuries  to  form. 
The  fact  that  such  masses  now  form  part  of  the  dry  land,  and  are 
much  above  the  level  of  high  vsrater,  is  a  very  distinct  proof  that 
some  important  changes  have  taken  place  in  the  relative  position 
of  land  and  water. 

The  element  of  time  is  involved  to  a  very  considerable  extent  in 
all  geological  considerations,  and  if  on  the  one  hand  the  formation 
of  deposits  has  been  slow,  and  dependent  on  many  causes,  on  the 
other  hand,  the  disturbances  and  subterranean  upheavals  which 
have  brought  them  into  their  present  position,  have  also  required 
much  time.  But  time  alone  is  not  a  cause  of  change,  and  to  de* 
termine  the  classification  of  rocks  much  mope  is  needed  than  a 
knowledge  of  the  order  of  formation.  The  geologist  must  observe 
mineral  character,  mineral  condition,  mineral  contents,  organic 
conditions,  mechanical  arrangement,  and  mechanical  position  with 
respect  to  other  rocks,  if  he  would  arrive  at  any  proper  principle 
of  classification. 

559.  We  may  regard  as  the  fundamental  facts  on  which  classi- 
fication depends,  &*st,  relative  mechanical  position;  secondly, 
mineralogical  condition  and  chemical  change  or  metamorphosis; 
and  thirdly,  groups  of  prevalent  fossils,  if  organic  remains  are 
present.  Subordinate  to  these,  as  far  as  the  maiu  outlines  of 
arrangement  are  concerned,  but  still  of  very  great  importance, 
may  be  ranked,  mineral  composition,  and  particular  species  of 
characteristic  fossils.  Before  entering  on  the  details  of  arrange- 
ment, it  is  therefore  essential  that  the  student  should  be  acquainted 
with  the  nature  of  fossils,  the  laws  of  distribution  of  organic 
beings,  both  in  space  and  time,  and  the  extent  and  value  of  the  evi- 
dence to  be  obtained  by  their  assistance,  iu  determining  questions 
concemiag  the  relative  age  of  rocks,  and  the  contemporaneity  of 
those  occurnng  in  distant  or  detached  districts. 

560.  EossiLS  are  either  the  actual  remains  of  animals  and 
vegetables,  or  other  certaia  indications  of  their  existence,  found 
in  examining  the  rocks  of  which  the  earth's  crust  is  made  up. 
The  time  has  been  in  the  history  of  science,  when  the  presence  of 
the  shells  of  marine  animals,  or  the  teeth  or  bones  of  quadrupeds 
or  fishes  in  rocks,  has  been  actually  denied,  despised,  or  explamed 
away.  When,  indeed,  the  number  of  recorded  examples  of  such 
fragments  was  few,  and  the  places  where  they  were  found  distant, 
this  mode  of  escaping  from  a  great  difficulty  in  natural  history 
was  thought  fair  and  reasonable ;  but  now  that  almost  every  lime- 
stone, and  a  large  proportion  of  all  sandstones,  clays,  and  gravels, 
are  found  to  multiply  evidence  on  the  subject;  when  the  micro- 
scope is  daily  discovering  fresh  proof  of  the  former  as  well  as  pre- 
sent existence  of  life  in  every  direction ;  and  when  no  country  is 
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without  lar^e  collections  of  the  remains  of  various  animals,  ob- 
tained, not  from  the  species  actually  living  now  in  the  country, 
but  from  the  soil  and  rock  beneath  men's  feet ;  it  would  be  folly 
to  waste  time  in  proving  the  value  of  a  subject  so  brought  home 
to  the  senses.  We  may  now  regard  it  as  an  admitted  fact,  that 
almost  every  rock  contains  some  fossils ;  and  it  remains  only  to 
consider,  what  are  the  conditions  in  which  these  occur,  the  kind 
of  »i.niTnfl1«  or  vegetables  to  which  they  belong,  the  nature  of  the 
group  which  the  species  found  in  certain  localities  or  certain 
similar  rocks  may  afford,  and  the  circumstances  under  which  the 
organic  beings  in  question  have  lived,  died,  and  been  preserved  for 
future  investigation. 

561.  The  remains  of  organic  beings  found  fossil  are  as  follows : 
— Firsts  the  actual  substances  themselves,  formed  or  secreted  by 
the  animal  or  vegetable,  and  perfectly  preserved,  exhibiting  no 
alteration  of  substance.  Of  this  kind  are  some  bands  of  lignite 
(consisting  of  imbedded  forest  trees),  the  accumulations  of  fresh- 
water shells  found  in  certain  deposits  in  lakes  or  rivers,  and  also 
the  coralline  and  shelly  masses  left  by  marine  animals.  Se^ 
condhf,  the  substances  similar  to  the  last  in  their  origin,  but  de- 
cidedly changed,  although  their  original  material  is  not  much 
altered ;  such  as  coal,  many  massive  limestones,  and  some  other 
fossiliferous  rocks.  Thirdhf,  the  altered  substances  obtained  from 
animal  and  vegetable  remains,  when  the  original  mass  has  become 
changed  into  some  other  material,  generally  silica  or  carbonate  of 
lime,  but  occasionally  sulphate  of  lime,  or  even  some  of  the  metallic 
sulphurets.  In  a  lew  of  these  cases,  both  external  and  internal 
form  has  been  retained,  and  the  latter  can  often  be  distinctly 
traced  under  the  microscope,  although  the  nature  of  the  mineral 
substance  has  been  altered.  JBburthhf,  the  form  of  the  original 
organic  body,  preserved  by  some  natural  process  of  modelling, 
either  presenting  the  exterior  only,  or  the  whole  internal  struc- 
ture, the  texture  of  which  may  admit  of  microscopic  determina- 
tion, although  nothing  whatever  remains  of  the  original  substance. 
Fifthly,  and  lastly,  the  impressions  made  by  animals  during  life 
on  sort  sands  and  clay,  retained  at  first  by  accidental  circum- 
stances, and  subsequently  buried  under  accumulations  of  mineral 
matter.  Of  this  nature  are  the  footprints  of  animals,  worm-casts 
— such  as  those  seen  on  the  sea-side — ^and  even  the  impressions  of 
rain-drops  fallen  on  the  sand.  G^iese  latter,  though  not  organic, 
afford  interesting  facts  in  the  history  of  deposits,  and  have  been 
preserved  like  fossils. 

562.  The  organic  remains  found  in  any  deposit  have  a  distinct 
relation  to  the  circumstances  under  which  the  bed  was  accumu- 
lated.    Thus,  if  the  bed  in  question  was  formed  in  a  lake  of  fresh 
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water,  the  remains  vnll  be  those  of  land  vegetables,  of  freshwater 
shells,  of  crustaceans,  of  fishes,  and  occasionally  of  land  animals. 
So  a  rirer  deposit  near  the  sea  wiU  contain  fragments  of  fresh- 
water, brackish,  and  marine  animals,  often  mixed  confusedly  toge- 
ther ;  a  deposit  on  a  coast  vnll  yield  the  shallow- water  marine 
animals,  mixed,  though  rarely,  with  those  of  the  land  and  fresh- 
water ;  and  a  deposit  in  deeper  water,  or  more  open  sea,  will  in 
like  manner  indicate  by  the  nature  of  the  organic  remains,  the 
depth  at  which  it  was  made,  the  existence,  direction,  and  even 
somethiug  of  the  force  of  manne  currents,  and  other  events  con- 
cerning the  history  of  the  period. 

663.  Besides  these  facts,  others,  even  more  important  and  more 
interestiug,  may  be  discerned  concerning  the  circumstances  of  de- 
posit, when  aU  the  fossils  of  a  single  bed  are  examined  with  atten- 
tion, and  compared  with  similar  groups  from  other  beds,  or  with 
accumulations  of  existing  species  now  in  the  course  of  formation. 
Species  are  foimd  grouped  according  to  certain  laws,  and  are 
represented  by  analogous  species  at  distant  places,  or  at  distant 
periods,  so  that  the  fauna  and  flora  of  any  place,  at  one  time,  pos- 
sess a  distinct  and  recognizable  character.  Once  familiar  with  this 
character,  the  presence  of  a  group  of  species  in  a  deposit  explains 
directly  and  distinctly  the  main  outlines  of  the  conditions  of  the 
sea  at  the  time  of  its  formation,  and  enables  us  to  comprehend 
something  of  the  magnitude  of  the  change  that  has  since  occurred. 

564.  The  first  and  most  startling  fia^t  made  known  by  the  study 
of  fossils  is,  that  there  are  wide  tracts  of  land,  whose  physical 
features  indicate  no  recent  action  of  the  sea,  but  whose  sou  and 
underlying  rocks  abound  with  the  remains  of  marine  animals,  or 
of  animals  requiring  a  different  climate  and  different  physical  con- 
ditions from  those  now  known  to  belong  to  it.  We  are  forced  to 
conclude  therefore  in  these  cases  that  we  stand  upon  the  frag- 
ments of  a  former  world,  that  the  ocean  once  covered  aU  that  is 
now  dry,  and  that  all  those  pecidiarities  of  climate  on  which  we 
depend  as  characteristic  of  any  district,  have  at  some  former  time 
been  altogether  different.  This  state  of  the  case  is  made  so  clear 
by  the  investigation  of  the  organic  remains  of  any  district  where 
fossils  abound,  that  no  one  can  enter  on  the  practical  study  of 
geology  without  perceiving  it.  It  is  impossible  to  doubt  that 
changes  so  vast  must  either  have  been  accompanied  by  the  general 
brea^g  up  of  the  whole  framework  of  the  globe,  or,  if  effected 
without  great  convulsions,  must  have  required  an  enormous  lapse 
of  time.  Evidence  of  violent  convulsions  is  wanting  in  most 
cases,  and,  on  the  contrary,  there  are  often  imquestionable  proofs 
of  the  absence  of  any  violent  disturbances,  so  that  we  are  bound 
to  accept  the  only  other  conclusion,  namely,  that  the  change  from 
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the  condition  of  things  last  past  to  that  now  obseryable,  was  a 
change  involving  a  long  period  of  time. 

565.  When  a  series  of  deposits  is  examined  and  the  beds  lower 
in  position  are  brought  successively  into  view,  it  is  startling  to 
discover  that  each  one  presents  in  the  same  way  its  character- 
istics, in  each  the  organic  remains  exhibit  some  marked  peculiari- 
ties,  separating  them  from  those  of  rocks  immediatelv  overlying,  and 
every  investigation  of  a  rock  points  to  a  history  of  change.  New 
groups  of  species,  often  representative  of  each  other,  but  never 
identical,  appear  with  marvellous  frequency  and  inexhaustible  va- 
riety; and  as  we  pass  gradually  downwards  in  the  series  the  more 
familiar  types  of  organic  structure  fail  altogether,  while  new  ones 
are  introduced  and  prevail,  until  these  in  their  turn  give  place  to 
others  still  more  obscure,  and  frirther  removed  from  familiar  and 
determinable  species.  Except  in  a  few  deposits  of  comparatively 
modem  date,  we  find  no  indications  of  the  larger  and  more  highly 
developed  land  animals.  Land  vegetables  occur  abundantly  in 
several  places,  but  are  by  no  means  widely  distributed.  The 
smaller  land  and  various  freshwater  moUusks  are  occasionally 
found,  but  they  are  few  in  comparison  with  marine  fossils.  "With 
regard  to  these,  the  higher  forms  of  organization  become  more  rare 
in  the  older  rocks,  until  at  length  they  seem  to  disappear,  and  give 
place  to  mere  indications  of  organic  existence,  such  as  the  imper- 
fect casts  or  impressions  of  shells,  sea-weeds,  and  other  bodies, 
whose  organic  constituents  have  been  separated  to  form  simple 
minerals. 

566.  Thus  distributed  through  a  vast  multitude  of  beds,  the 
nature  of  these  fossil  bodies,  the  grouping  of  the  species,  and  the 
laws  of  their  distribution,  become  of  infinite  importance  in  deter- 
mining doubtful  questions  concerning  the  superposition  of  rocks. 
For  the  species  or  one  rock,  or  of  one  period,  have  certain  relations 
of  affinity  which  differ  from  those  relations  of  mere  analogy  trace- 
able between  the  species  of  different  rocks,  or  different  ages  of 
formation ;  and  thus  when  the  true  nature  of  a  group  is  once 
understood,  reference  may  be  made  to  it  as  an  established  and 
undoubted  fact.  The  true  knowledge  of  one  group  forms  a  start- 
ing-point, whence  the  complicated  web  of  a  broken  and  disturbed 
series  of  rocks  may  be  unravelled ;  and  often  no  other  clue  than 
this  exists,  or  is  available,  for  the  identification  of  distant  and  dis* 
similar  deposits. 

The  object  of  this  chapter  is  to  show  the  use  of  fossils  in  classi- 
fying rocks.  As  this  is  nearly  connected  with  the  subject  of  their 
distribution  and  extension,  the  remarks  already  offered  will  assist 
the  student  in  his  estimate  of  the  value  to  be  attributed  to  this 
species  of  evidence. 
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567.  The  importance  of  fossils  must  not  be  measxired  by  the 
state  in  which  the  remains  of  animals,  or  vegetables,  occur  in  rod^s. 
They  are  often  imperfect  and  fragmentary ;  rarely  present  the  in- 
ternal structure,  except  of  isolated  parts ;  are  frequently  much 
altered  in  form,  as  well  as  material,  from  their  original  condition ; 
and  when  most  abundant  are  sometimes  least  satisfactoiy.  Still, 
in  the  hands  of  an  able  naturalist,  they  are  replete  with  meaning 
and  suggest  conclusions  of  the  highest  importance.  One  small 
fragment  of  a  bone  or  tooth  wiU  reveal  the  existence  of  a  race 
hitherto  unsuspected,  and  throw  new  light  on  the  histoiy  of  a  whole 
formation.  A  shell  vnll  identify  the  position  of  a  doubtful  deposit ; 
and  minute  objects  only  discernible  by  the  aid  of  a  microscope 
will,  in  the  hands  of  a  careful  observer,  pave  the  way  for  discoveries 
of  the  highest  and  most  general  interest. 

568.  Let  us  now  trace  the  use  of  fossils  in  the  classification  of 
rocks.  They  may  be  found  in  all  deposits  of  mechanical  origin,  in 
which  subsequent  change  has  not  produced  complete  crystaUine 
structure ;  for  although  many  uncrystalline  and  many  massive  and 
semlcrystalline  rocks  do  not  present  these  indications  of  former 
Hfe,  the  reason  is,  that  such  rocks  were  either  accumulated 
where  animals  and  vegetables  did  not  abound,  or  where  organic 
substances  could  not  be  preserved.  They  occur  in  groups  of 
species,  some  generally  characteristic  of  particular  deposits  in 
certain  districts ;  others  extending  into  deposits  above  or  below, 
or  into  districts  remote  from  that  in  which  they  chiefly  abound. 
The  group  of  species  in  any  one  bed  is  different  from  the 
groups  belonging  to  beds  above  and  below,  partly  owing  to  differ- 
ences of  mineral  and  mechanical  conditions  of  deposit,  but  partly 
to  the  gradual  change  of  species  induced  by  the  lapse  of  time. 
Beds  deposited  in  seas  of  moderate  depth,  of  which  the  bottom 
was  being  upheaved  or  depressed,  must  nave  been  for  that  reason 
inhabited  successively  by  different  kinds  of  animals ;  fossiliferous 
deposits  near  a  line  of  coast  accumulating  rapidly,  and  those  in 
the  open  sea  more  slowly,  must  have  been  greatly  affected  by  the 
range  and  magnitude  of  marine  currents ;  while  the  influence  of 
change  in  the  form  of  land  must  have  been  felt  both  in  the  me- 
chanical and  organic  deposits  of  the  ocean,  and  at  distances  many 
hundreds  and  even  thousands  of  miles  from  the  seat  of  change. 
Throughout  the  beds  thus  formed,  the  species  of  organic  remains 
are  likely  to  show  resemblance  to  each  other  when  the  changes 
have  taken  place  slowly ;  but  if  it  has  happened  that  any  change 
was  so  rapid  or  complete  as  to  cause  the  destruction  of  an  entire 
race,  then  the  replacement,  whether  from  a  distance,  or  by  newly 
created  species,  must  offer  a  much  more  marked  contrast. 

569.  Iiie  principal  laws  concerning  the  distribution  of  fossils 
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are  these :  Eirst,  A  large  proportion  of  the  species  foimd  in  the 
fossil  state,  are  so  far  dinerent  from  any  now  known  that  they 
may  be  regarded  as  extinct.  This  law  applies  to  animal  and  vege- 
table remains  of  all  kinds,  in  all  parts  of  the  world ;  the  excep- 
tional cases,  or  those  in  which  species  now  living  are  found  fossil, 
not  reaching  to  deposits  of  any  very  considerable  geological  date. 
The  same  law  applies,  to  a  certain  extent,  even  with  regard  to 
those  larger  and  more  comprehensive  divisions  called  generic,  since 
few  existing  genera  range  mto  the  older  deposits. 

The  second  law  of  distribution  of  fossils  is  an  extension  of  the 
first,  being  to  the  effect  that  each  principal  group  of  deposits  con- 
tains a  distinct  group  of  species  of  animals  and  vegetables  in  a 
fossil  state.  Some  naturalists  have,  indeed,  gone  so  far  as  to 
assert,  that  no  species  of  any  single  formation  extends  into  the 
adjacent  ones ;  but  so  general  a  conclusion  is  not  justified  by  the 
evidence  at  present  obtained  on  the  subject. 

The  third  law  is  to  the  effect,  that  differences  existing  between 
extinct  and  existing  species  become  wider  and  more  marked  as  the 
fossils  examined  are  from  deposits  of  more  ancient  date.  In  many 
very  important  and  easily  recognized  cases,  this  is  most  unques- 
tionably true ;  and  it  is  equally  so  whether  we  examine  the  remains 
of  animals  of  high  or  low  organization,  or  of  vegetables :  so  that 
it  may  safely  be  admitted  and  followed  out  to  its  legitimate 
conclusions. 

The  fourth  law  has  reference  to  the  dependence  of  certain  forms 
of  organization  on  a  given  distribution  of  heat,  moisture,  and  light 
— ^in  other  words,  on  climatal  peculiarities.  Many  important 
groups  of  animals  and  Vegetables  do  not  now  naturally  range 
beyond  the  Tropics,  and  some  are  strictly  confined  to  limited 
districts  in  the  same  latitude.  Thus  the  largest  feline  camivora, 
the  lion  and  the  tiger,  are  found  only  in  the  Old  World ;  and  of 
the  different  species,  some  inhabit  Africa,  and  others  Asia ;  while 
in  America,  although  the  law  of  distribution  is  obeyed,  the  species 
in  similar  climates  are  representative,  and  not  identical  or  allied. 
In  our  own  country  we  find  abundant  proof  of  the  naturalization 
of  foreign  species ;  few  of  the  most  usefru.  animals  being  indigenous, 
while  in  the  train  of  civilized  man  modifications  of  nature  are  con- 
stantly effected,  some  even  extending  to  an  apparent  subversion  of 
the  ordinary  laws  of  distribution.  So  also  in  the  distribution  of 
animals  in  time  when  we  fijid  the  remains  of  the  elephant  stretch- 
ing northwards  into  Central  and  Northern  Asia  many  thousand 
mUes  north  of  its  present  limit,  we  are  not  iustified  in  concluding 
that  the  whole  change  is  due  to  an  alteration  of  climate,  since  a 
partial  modification  in  that  respect,  and  some  adaptation  of  species 
not  identical  with  the  existing  Asiatic  form,  would  afford  a  suffi- 
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dent  and  more  reasonable  cause.  Still  there  is  no  doubt  that  the 
general  result  of  the  investigation  of  fossils  has  been  to  show  that 
climates  have  changed  considerably,  proving  either  that  the  earth's 
surface  at  former  times  received  a  larger  amount  of  heat  from  the 
sun  than  it  does  now,  or  that  heat  was  once  distributed  in  a  very 
different  manner  and  more  equally*.  Whether  changes  in  the 
position  and  elevation  of  the  land,  which  must  often  have  taken 
place  on  a  large  scale,  are  sufficient  to  account  for  the  modifications 
of  climate,  is  a  question  still  under  investigation.  It  is  important 
to  remark,  that  the  changes  have  been  by  no  means  always  of  the 
same  kind ;  for  during  the  period  immediately  preceding  that  now 
in  progress,  there  was  a  colder  climate  than  at  present ;  although 
berore  that,  and  generally,  the  temperature  must  have  been  much 
higher  than  it  now  is. 

A  fifth  law  in  the  distribution  of  fossils  seems  to  be,  that  the 
species  inhabiting  the  sea  or  land  during  the  earlier  periods  of  the 
earth's  history,  were  more  widely  distributed  than  those  with  which 
we  are  now  acquainted.  This  may  be  only  a  local  phflenomenon, 
and  limited  to  those  comparatively  small  areas  with  which  we  are 
geologically  acquainted;  or  it  may  be  generally  true,  but  caused 
by  a  different  distribution  of  the  Wd  iipon  the  globe,  and  by  the 
wider  extent  of  shallow  seas ;  or  it  may  be  the  result  of  an  altered 
temperature  over  the  whole  surface.  Any  one  of  these  causes  would 
tend  to  bring  about  a  Kke  result;  and  the  geologist  must  be  guided 
in  his  conclusion  by  a  careful  investigation  of  the  evidence. 

570.  It  has  been  generally  assumed,  that  not  only  was  there  a 
wider  distribution  of  species  during  the  early  periods  of  the 
earth's  history,  and  a  smaller  number  of  species  and  less  variety 
of  structure  presented,  but  also  that  the  earlier  faunas  and  floras 
were  of  less  complex  organization  than  those  of  more  recent  times. 
Great  stress  has  been  laid  upon  the  apparent  absence,  or  great 
rarity,  of  the  remains  of  fishes  in  these  beds ;  and  it  has  oeen 
attempted  to  define  the  geological  horizon  in  the  case  of  the  larger 
groups  of  animals.  The  true  state  of  the  case  with  respect  to  this 
question  seems  to  be  as  follows : — First,  that  the  seas  depositing 
those  rocks  now  referred  to  the  most  ancient  period,  were  both 
more  extensive  and  more  shallow  than  modem  seas  in  the  same 
latitudes.  2nd,  that  the  land  then  extended  in  a  very  different 
direction,  and  was  less  continental.  3rd,  that  many  groups  of 
fishes  now  common,  were  at  first  represented  by  shell-bearing 
animals  allied  to  the  nautilus.  And  4th,  that  the  general  distri- 
bution of  animals  in  the  sea  was  extremely  different  from  the 

*  The  geological  itodent  will  do  well  to  refer  to  a  remarkable  memoir  by  Mr.  W.  Hopkins 
on  the  subject  of  changes  of  climate,  "Quarterly  Geological  Journal,"  vol.  yiii.  (1852),  p.  56 
ei  teq, 
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present  distribution,  and  therefore  that  we  have  really  but  little 
ground  for  comparison. 

571.  Let  us  next  consider  what  sort  of  organic  remains  occur 
in  nature  in  a  fossil  state.  They  may  be  divided  into  three 
groups :  First,  casts,  or  other  indications  of  the  former  existence  of 
orgaiiic  bodies,  in  which  nothing  is  retained  but  external  form,  or 
the  impression  made  by  the  soM  body  on  some  plastic  surface ; 
2nd,  the  remains  of  vegetables  showing  actual  structure ;  and  3rd, 
the  rentains  of  animals  consisting  either  of  the  shell  or  other  solid 
framework,  skeleton,  or  investment  of  the  animal  or  any  part  of 
it ;  or  else  of  the  altered  substance  of  the  softer  part  of  the  crea* 
ture.  Under  one  or  more  of  these  heads  may  be  included  aQ  pos- 
sible cases  of  fossilization  or  petrifa^ction. 

572.  Under  the  first  group  are  included  some  fossils  of  great 
interest,  and  a  multitude  of  others  from  which  very  little  is  to  be 
learnt.  Among  the  former  are  the  fooi^rints  of  animals,  impressed 
originally  on  soft  mud,  and  covered  up  by  some  new  deposit,  gene- 
rally of  sand,  before  they  were  obliterated.  Appearances  of  this 
kind  are  iQustrated  in  the  annexed  diagram  (fig.  129),  and  are  not 
uncommon  in  certain  sand  rocks  where  thin  layers  of  tenacious 
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Footprints  of  Vk  extinct  animal 
(New  Bed  Sandstone) . 

marl  alternate  with  hard  and  fine  sandstone.  The  cracks  produced 
in  the  clay  by  subsequent  drying ;  the  marks  of  rain  fallen  at  the 
time  of  malong  the  footprints ;  the  worm-casts  and  trails  made 
by  crabs,  starfishes,  and  other  animals  dwelling  on  the  sand,  occa- 
sionally or  periodically  washed  by  the  sea ;  are  all  examples  of  the 
minuteness  with  which  mere  momentary  and  accidental  conditions 
may  be  preserved  for  the  contemplation  and  investigation  of  di- 
stant ages.  No  one  can  doubt  that  such  operations  are  stiU  in  pro- 
gress on  our  own  and  other  shores ;  and  we  have  in  these  footmarks 
a  striking  proof  of  the  uniformity  of  general  conditions  in  ancient 
times ;  although  in  the  particular  spot  where  they  occur  the  sea 
has  long  ceased  to  roll  over  them,  having  deposited  many  hundred. 
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or  even  thousand  feet  of  beds  which  were  afterwards  hardened  and 
became  rock. 

673.  An  example  of  the  other  kind  of  fossils  belonging  to  this 
first  series  is  figured  in  the  next  diagram  (fig.  130),  which  repre- 
sents the  internal  form  of  a  sufficiently  common  shell  found  in 
the  beds  immediately  below  the  chalk  in 
England  and  France.  In  some  deposits,  ^^Kg^lSO. 
especially  clays,  the  carbonate  of  Hme  of 
which  the  imbedded  shells  were  composed 
is  ultimately  removed,  probably  by  the  slow 
action  of  acids,  but  remains  long  enough 
for  the  shell  to  become  so  accurately  filled 
with  mud  or  other  foreign  material,  that  Cast  of  Nucuia  pectinata 
when  the  shell  is  removed  its  form  is  re-  (Gauit). 
tained*  It  is  often  possible  from  such  casts  to  identify  species 
that  have  been  previously  determined;  and  they  are  thus  not 
without  value,  though  generally  far  inferior  in  this  respect  to  the 
more  perfect  casts  which  exhibit  structure,  or  to  the  actual  sub- 
stance of  any  part  of  the  animal  or  its  stony  habitation- 

674.  Other  kinds  of  casts  are  sometimes  found ;  namely,  when 
the  interspace  between  the  hardened  mud  filling  up  a  shell  and 
the  similar  material  deposited  outside  receives  a  new  substance 
after  the  original  shell  is  gone.  "We  then  have  a  true  representa- 
tion of  the  external  surface  and  form,  more  or  less  jjerfect  as  the 
material  is  more  or  less  favourable  for  receiving  impressions  : 
vegetable  remains  are  thus  not  unfrequently  presented  for  inves- 
tigation. Lastly,  we  may  mention  as  belongmg  to  this  class,  the 
hollow  spaces  in  which  organic  bodies  have  once  existed,  but  which 
present  merely  the  form,  and  nothing  of  the  structure  of  the  ori- 
ginal. Indications  even  so  slight  as  these  are  not  without  value 
in  many  cases  where  the  object  is  rather  to  detect  the  fact  of  the 
former  existence  of  organized  bodies,  than  determine  the  nature 
of  the  imbedded  fragment.  Of  this  nature  are  the  fucoids,  or 
sea-weeds,  in  some  very  ancient  schists;  and  the  discoloured 
patches,  arising  from  the  filling  up  of  empty  spaces  with  foreign 
substances,  not  uncommon  in  crystalline  rocks.  It  is  often  dim- 
cult  to  distinguish  between  vesicular  cavities  in  altered  and  cry- 
stalline rocks  and  the  spaces  once  occupied  by  a  shell  or  other 
animal  substance. 

675.  Of  vegetable  remains  in  a  fossil  state,  the  leaves,  trunks, 
and  roots  of  trees  are  very  general,  the  hard  fruits  not  unfrequent, 
and  the  floral  envelope  extremely  rare.  The  resinous  exudations 
of  pines  are  also  found.  An  example  of  the  way  in  which  the 
fronds,  of  ferns  are  preserved  in  the  rocks  associated  with  the 
coal-beds  is  given  in  the  annexed  diagram  (fig.  131)  ;  but  by  far 
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the  largest  prapoitian  of  foBsil  vegetable  matter  ia  so  far  altered 
from  ita  original  condition  as  to  have  lost  the  trace  of  vegetable 
tissue,  and  in  this  state  it  forms  coal.  Traces  of  leaves  are  chiefly 
fonnd  in  the  Handstones  and  clay-banda  or  shales,  above  and  below 
the  principal  masses  of  carbonafieous  matter,  where  the  trunia  of 
trees  occur.  An  example  ia  also  shown  in  fig.  132,  which  repre- 
Fig.  ISl. 


Pecopterit  uijulioK  SifUlaria  pHChTdmiu 

(Ca£.maiur«).  (Cotl-mciiMroJ. 

Bents  a  portion  of  a  cylindrical-stemmed  tree  fluted  longitudinally 
uid  maued  at  intervals  by  acuv  where  leaves  had  once  been  in- 
serted.  The  great  mass  of  fossils  in  the  cool  formation  consists 
of  plants  to  which  modem  tree  ferns  bear  the  greatest  resem- 
blance. 

In  addition  to  ibe  plants  from  ooal  snd  Uie  oontaming  rocks,  a,  iiagB  nmuber 
of  ipecies  have  been  ioimd  in  other  rocks.  TbefbUowii^isacoiapanitireTiew 
of  extinot  and  recent  species,  as  oaloolated  by  Proiessar  Bronn  : — 

Bccnit.  EiliDCt. 

I.  CeUolMBfl,  or  Acotjledoni  9,100  188 

II.  Yascularee, 

A.  Monocotjledoui,  car  Bndogeng  10,629  1189 

!B.  DiootyledoDS,  or  Exogens, 

a.  MonocUamjdeee  8,246  SG8 

S.  OorollifionB   23,900  28 

a.  Chonstopetals 22,528  1?S 

m.  Donbtful   167 

69,403  206B 
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576.  The  formation  of  beds  of  coal  is  by  no  means  easy  of  explanation.  In 
our  own  country  these  beds  are  exceedingly  numerous,  but  (with  one  exception) 
they  are  of  inconsiderable  thickness,  not  often  exceeding  seven  feet,  and,  in  far 
the  greater  number  of  cases,  being  only  a  few  inches.  Elsewhere  this  is  not  the 
case,  for  the  bands  of  carbonaceous  matter  called  Lignite,  found  in  many  parts 
of  the  continent  of  Europe  and  in  India,  and  the  regular  coal-beds  of  America, 
are  sometimes  of  enormous  thickness,  amoimting  to  fifty  or  eighty  yards  in 
particular  spots*.  As  in  order  to  obtain  this  enormous  tnickness  of  coal  a  cor- 
responding accumulation  of  vegetable  matter  was  absolutely  necessary,  it  is  not 
easy  even  to  conjecture  the  circumstances  imder  which  the  deposit  took  place. 
"  The  remarkable  case  of  an  erect  fossil,  many  feet  long,  having  deposited 
around  it  as  many  feet  of  sandstone,  followed  by  underclay,  a  bed  of  coal,  shale, 
and  other  successive  deposits,  is,  however,  a  startling  proof  of  the  rapidity  with 
which  the  coal-beds  were  formed,  of  the  rapid  decomposition  of  those  which 
constituted  the  coal,  in  comparison  with  the  coniferous  wood,  and  of  the  pro- 
bable composition  of  that  deposit  of  very  sofb-tissued  plants  f." 

577.  Next  in  order  to  vegetable  remains,  we  must  mention  the 
silicified  sponges,  and  other  altered  fragments  of  organic  bodies 
called  by  naturalists  Amorphozoa  (a  privative,  morphe  form,  zoon 
an  animal — shapeless  animals).  These  are  found  in  flints  and 
other  siliceous  aggregations,  in  limestones,  and  in  sandstones,  and 
occur  in  rocks  of  all  ages,  A  large  number  of  extinct  species  have 
been  named,  the  number  amounting  to  460,  whilst  the  named  recent 
species  are  only  250.  It  is  not  generally  from  these  imperfect 
forms  of  organization  that  satisfactory  conclusions  can  be  arrived 
at  regarding  the  identification  of  beds.  The  points  of  resemblance 
and  diversity  are  imperfectly  marked,  and  the  causes  of  change  in 
shape  and  even  in  structure  of  the  individual,  are  too  varied  to 
permit  of  our  regarding  them  as  other  than  imperfect  accessories 
to  a  knowledge  of  the  age  and  history  of  rocks. 

578.  Amongst  the  fossil  remains  of  animals  of  higher  organiza- 
tion we  have,  first,  the  siliceous  (flinty)  cases  or  skeletons  of  ex- 
ceedingly minute  but  universally  distributed  species,  abounding 
in  moist  earth,  and  in  fresh  and  sea  water.  Of  these  the  greater 
portion  require  the  assistance  of  an  excellent  microscope  even  to 
discover  the  fact  of  their  existence.  Those  figured  in  the  annexed 
diagram  (fig.  133)  are  enormously  magnified,  and  it  has  been 
calculated  by  M.  Ehrenberg — the  naturalist  of  these  minute  or- 
ganized specks  of  matter — ^that  many  complete  individuals  are  not 
so  much  as  the  ^  ^^  ^th  of  an  inch  in  length,  and  that  it  would  re- 
quire 35,000  miUions  to  occupy  the  space  of  a  single  cubic  inch. 
fTotwithstanding  this  scarcely  conceivable  minuteness,  a  very  large 
proportion  of  the  fine  earthy  powders,  into  the  composition  of 
which  siHca  enters  very  largely,  and  which  are  known  as  trvpoU, 
poltshing  slate,  and  fossil  meal,  consists  of  siliceous  cases  secreted 

*  The  average  thickness  of  one  seam  of  trae  coal  in  the  Aubin  coal-field.  Central  France,  is 
ISO  feet  by  actual  measurement.    The  liniites  in  some  parts  of  Styria  are  much  thicker. 

t  Dr.  Hooker  on  the  Vegetation  of  we  Carboniferous  period,  "  Memoirs  of  the  Geological 
Suxrey  of  Great  Britain,'*  toI.  ii.  pt.  3.  p.  410,  note. 


£ig.  138. 
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by  such  atumaU.  They  are  foimd  also  in  almost  infinite  abundance 
in  flint  and  opal,  and  eapecially  in  earthy  and  opake  parts  en- 
casing the  solid  and  trauBlucent  interior.  At  liTer-mouths,  and 
in  estuaries,  where  tidal  aetiou  is  felt,  but  the  sui&ce  water  is 
not  salt,  a  vast  accumulation  of  the  remains  of  these  animaJH 
occurs,  for  myriflda  are  destroyed  by  each  recurring  tide,  and  eveiy 
day,  therefore,  sees  a  double  de- 
posit, which,  if  not  of  much  thick- 
ness on  each  occasion,  becomes  at 
last  important.  In  some  parts  of 
the  great  plain  of  Korthem  Ger- 
mai^  deposits  more  than  60  feet 
thick  of  such  material  have  been 
obserred,  and  near  the  mouths  of 
the  great  rivers  emptying  them- 
selves into  the  Baltic,  large  bants 
of  mud  and  complete  island,  aa  well 
as  very  broad  tracts  of  the  coast, 
are  similarly  derived.  This  subject 
has  been  already  referred  to.  See 
§153. 

The  remains  of  iofiiaorial  and 
other  animalcules  are  chiefly  c 


fined  to  the  upper  deposits.  The 
number  of  fossil  species  is  stated 
by  Bronn  to  amount  to  672,  the 
number  of  species  now  living  be- 
ing only  500, 

579.  Ibraminifera  (see  figs.  134-136)  are  essentiallv  marine 
shells,  and  are  dmc^t  always  exceedingly  small,  but  belonged  to 
animttlH  higher  in  the 

scale  of  organization     Kg.  134.  Fig.  135.  Pig.  136. 

than  either  of  the  pre- 
cediM  groups.  They 
vary  m  size  &om  that 
of  minute  points,  hard- 
ly recognizable  by  the 


||^4®{ 


Fig,  134,  Nodouria  limbau. 
Pig.  ISfi.  IVilocbliiUk,  <p. 
ng.  I3<].  CrntelUiU  rotutoU. 


round  or  oval  plates 

larger  than  a  crown 

piece.     Most  of  them  are,  however,  between  -^th  and  Jth  of  an 

mch  in  diameter;  they  are  divided  into  chambers,  which  are  w- 

ranged  on  a  vertical  aais  (fig-  134),  in  a  spiral  or  disc  (fig.  136), 

or  in  some  less  simple  arrangement,  aa  in  fig.  135.     As  many  as 

900  species  have  been  described  from  fossils,  and  about  1000  recent 
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e^ecies  are  known — the  former  are  chiefly  from  cretaceous  rocts, 
which  in  some  cases  consist  almost  entirely  of  them  ;  they  range 
through  the  whole  series  of  rocks,  but  are  not  common  in  those 
of  ancient  date.    The  ahells  are  always  composed  of  caibonate  of 

580.  Hemains  of  corals  are  very  com-  pj^  ^^^ 

mou  in  the  limestones  of  all  periods ; 
but  the  calcareous  rocks  beneath  the 
coal-measures  in  England  are  ahuost 
entirely  made  up  of  them.  The  whole 
number  of  extinct  species  is  reckoned 
as  high  as  2528,  agamst  only  1810  re- 
cent. The  variety,  however,  is  not  very 
great  in  rocks  of  the  same  a^e. 

All  the  animals  of  this  kind  are  con- 
fined to  the  ocean,  and  the  species  best 
preserved  and  most  abundant  belong  to 
the  larger  forms  of  Hthophytes,  a  tribe 
now  confined  to  the  warmer  parts  of  the 
ocean.  Their  skeleton  is  chiefly  com- 
posed of  carbonate  of  lime,  with  a  little 
phosphate  of  lime,  and  their  surface  ia 
marked  with  symmetrical  cells  for  polypi, 
bywhich  character  theyare  distinguished 
from  Porifera,  and  by  the  forms  of  these 
cells  the  species  and  genera,  recent  as 
well  as  fossil,  are  chiefly  determined. 
Many  genera  are  peculiar  to  the  fossil 
state,  but  others  are  still  i 


The  species  figured  (fig.  137)  is  peculiar , 

but  charactenatic.  ^^S'X'oifc^*" 

ThesoUd  remains  of  Zoophytes  abound 
in  all  limestone  rocks ;  and  the  living  species  whose  enormously 
extended  growth  we  have  had  occasion  to  refer  to  already,  incrust 
the  bottoms  and  shores  of  tropical  seas,  fixing  their  calcareous 
secretions  on  rocks,  marine  plants,  shells,  floating  timbers,  bones, 
or  any  solid  points  of  attachment  accessible  to  their  ciliated  gem- 
mules,  swimming  through  the  ocean.  They  contribute  largely  to 
the  formation  of  the  rich  calcareous  soil  of  many  of  the  South  Sea 
islands,  which  have  passed  through  the  coral-forming  strata  of  the 
ocean  in  ascending  to  their  present  elevation. 

681.  From  Bome  analyBes  of  calcareous  conOfl,  mode  bv  Mr-  J.  D.  Dana,  and 
publiBhed  in  1846*,  it  appears  tliat  thtae  bodies  ara  luoally  constructed  of  from 
»1  to  M  per  oBut.  of  carbonate  of  lime,  with  from  2-7  to  8-9  per  cent,  of  organic 

■  "Aq.eri<:uiJoumilofSci«)ce,"(MMiin!blntliilroir,  p.  isg. 
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matter,  the  remainder  oonsisting  of  phosphates  and  fluorides  of  lime  and  mag- 
nesia, with  silica,  lime,  alumina,  and  oxide  of  iron.  The  following  are  the  ana- 
lyses of  the  residuum  in  four  cases,  the  residuum  heing  taken  as  unity : — 


SiUca 

Pontes  faTOM, 
Sandwich  Islet. 

Madrepora 
palmata, 
Antilles. 

M.  prolifera, 
Bermudas. 

Astnea  Orion, 
Ceylon. 

0-220 
0130 
0-077 
0-078 
0125 
0027 
0-160 
0-183 

0125 
0-075 
0042 
0-263 
0-266 
0-080 
0149 

0-103 
0-156 
0-385 
0075 
0-026 
0002 
0-253 

6666666    * 

lAmf>i , 

Mfignpsia 

Fluoride  of  Hme    ...... 

Fluoride  of  magnesia... 
Phosphate  of  magnesia . 

AluTnina  and  iron 

Oxide  of  iron 

1-000 

1-000 

1-000 

1000 

Hence  it  results  that  in  a  belt  of  coral  one  hundred  miles  in  length,  10  feet 
broad,  and  50  feet  deep,  there  must  be  nearly  40,000  tons  weight  of  siUca^  and 
about  five  times  as  much  of  the  various  substances  mentioned  above.  The 
total  quantity  of  carbonate  of  lime  contained  in  that  space  may  be  estimated  at 
about  20,000,000  tons,  which  can  certainly  be  produced  in  a  wonderfully 
short  space  of  time,  as  is  proved  by  the  rate  at  which  coral  ree&  advance  in 
tropical  seas. 

It  may  illustrate  the  conditions  under  which  this  quantity  of  matter  is  ob- 
tained, if  we  mention  here  the  quantity  of  carbonate  of  lime  present  in  each 
hundred  miles  of  sea-water,  one  mile  broad,  to  a  depth  of  1000  feet.  It  will  be 
found  to  amount  to  140,000,000  tons,  so  that  this  quantity  of  salt  water 
would  provide  seven  times  the  material  required  for  the  mass  of  coralline  rock 
above  assumed. 

582.  Itaddated  Animals, — Of  the  starfishes,  sea-urcliins,  and 
crinoids,  which  present  hard,  stony,  and  easily-preserved  skeletons, 
a  Tast  number  of  fossil  remains  are  found  in  calcareous  rocks  of 
all  kinds.  The  total  amount  of  the  species  is  reckoned  at  nearly 
1200,  and  they  are  thus  distributed : — 

Extinct.         Recent. 

Stelleridffi  (Encrmites,  Starfishes,  &c.)    416  286 

Echinidtt  (Sea-eggs,  Sea-urchins,  &c.)    770  146 

Total  Echinodermata 1186  432 


The  remains  of  radiated  animals  called  JSncrinites,  Orinoids,  or 
Stone  IdUes,  greatly  abound  in  some  of  the  older  limestones ;  but 
the  spaces  formerly  occupied  by  animal  tissue  are  now  usually  filled 
by  crystalline  calc  spar,  or  even  quartz.  On  the  other  hand,  the 
sea-urchins  seem  then  to  have  been  comparatively  rare,  although 
more  recently  they  have  become  the  most  abundaiit.  The  Encri- 
nites  were  attached  by  stems,  of  which  portions  of  several  forms  are 
shown  in  fig,  138.     Un  the  summit  of  the  stems  or  columns  were 
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placed  a  number  of  Btony  plates,  forminK  together  a  kind  of  cup ; 
and  firom  the  rim  of  this  cup  proceeded  a  number  of  BmaUer  co- 
lumns, serving  as  hands  or  arms  for  laying  hold  of  minute  objects 
floating  along  in  the  water.  Throughout  the  whole  structure  an 
arruigement  into  five  raja  or  parte  proceeding  &om  a  centre  may 


Tig.  138.  Pig.  139, 


generally  be  traced.  These  forms  of  Echinodermata  are  eminently 
characteristic  of  the  lower  beds  of  limestone,  although  ranging 
throughout  to  some  extent. 

683;  Sea-urchins,  accompanied  by  sea-eggs  of  variouB  kinds,  are 

common  in  many  rocks,  ana  still  abound  on  our  own  coasts.  Fieures 

of  one  species,  found  frequently  in  the  chalk-beds  of  England,  are 

given  in  the  annexed  diagram  (fig.  140).    Most  of  those  found 

Fig.  140. 


foBsU  are  from  the  oolitic  buUding-atones  and  cretaceous  rocks. 
On  the  continent  of  Europe  the  cijalk  is  richer  in  fossUs  of  this 
kind  than  the  oolites  or  associated  beds. 

Widely  distributed  in  rocks  of  various  ages,  are  numerous 
remains  of  organic  bodies,  till  recently  regarded  as  coralline,  but 
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now  Gonaidered  to  be  allied  to  the  molluskB.  They  helong  to  the 
Bryoxoa  of  Ehrenberg,  and  amongat  the  common  genera  may 
be  mentioned  Fhutra,  Betepora,  ^chara,  &c.,  which  appear  to 
have  been  abundant  fixim  the  earlieat  period,  and  are  widely  dJBtri- 
buted  at  the  present  day,  Bemains  of  a  few  Annelida  or  worm- 
like onimab  of  marine  genera,  and  some  Cirrhipeda,  also  marine, 
have  been  found  in  rocks  of  almost  tUl  ages. 

681.  Bemaina  of  Molliaea  are  exceedingly  common,  and  greatly 
varied  in  specific  character.  Certain  groups  now  rare  were  for- 
merly abundant,  and  others  formerly  absent,  or  locally  extremely 
rare,  are  now  among  the  most  widely  diBtributed.  aU  these,  by 
their  different  habits  and  peculiaritieB,  a^ist  in  determining  the 
conditions  of  the  sea  in  which  they  were  deposited,  and  eacn  de- 
serves cu^fid  attention,  N^early  14,000  extinct  species  have  been 
determined. 

Of  the  different  groups  of  shell-bearing  animals,  one  of  the 
most  remarkable,  and  at  the  same  time  one  of  those  showing  the 
least  complex  organization,  is  that  called  Brachiopoda  or  Pallio- 
branchiala,  in  which  the  breathing  apparatus,  or  gills,  are  appen- 
dages to  the  organs  of  locomotion  of  the  anmal ;  ensuring  thus 
Pig.  141, 
Jig.  lil.  .y«j|^  Kg.  142. 


Onmp  of  Bmchio|)odoiu  ■bdli. 
Pig.  141.  BhTnchODHUi  (Tercbntnli)  nctapU™''  <Chalkl. 
„    It*.  Terebntnln  digona  (Lomr  OoliUa). 
„    143.  Snirifer  Klibn  (Cubomfemu). 
,1    144.  Orthifl  el^^tiila  (Siliuiui}. 

by  the  simplest  means  an  involuntary  and  perpetual  current  of 
water,  conveying  food  within  the  range  of  the  mouth,  and  pro- 
viding at  the  same  time  for  another,  and  scarcely  less  essential 
fonction  of  animal  existence,  the  aeration  of  the  blood.  In  these 
shell-defended  animala,  of  which  living  specimens,  and  even  recent 
shells  are  rare,  but  the  fossils  extremely  common,  there  is  seldom 
a  hinge,  as  in  ordinary  bivalves,  connecting  the  two  valves,  these 
being  either  left  entirely  unconnected  or  are  articulated  by  curved 
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proceaseB  in  one  valve  received  by  sockets  in  the  other,  so  that 
the  valvcB  cannot  be  separated  without  fi-acture.  MoBt  of  the 
genera  have  a  tuft  of  tendons  or  h/asM  passic^  from  one  ehell 
through  an  orifice  at  the  beak  of  the  other.  iSe  orifice  may  be 
recognized  in  figs.  141,  14i2,  and  the  same  structure  prevails 
generally.  In  other  cases — and  these  also  are  not  rare — ^there 
IS  a  simple  mechanical  contrivance  of  the  nature  of  a  spring,  which 
keeps  asunder  the  two  valvee.  Bepresentative  forms  of  this  re- 
maMtable  group  occur  in  every  fossiliferous  rock,  without  exception, 
in  all  parts  of  the  4orld,  and  numerous  ciirions,  but  small  varieties 
of  structure,  are  made  use  of  to  bring  about  this  comparatively 
Bimple  result.  The  characteristic  forms  of  several  deposits  are 
Been  in  the  group  of  figures  given  above. 

585.  A  remarkable  group  of  animal  Pig.  146. 

remains  (the  Sippuritea)  is  met  with 
occasionally  in  rocks  towards  the  bottom 
of  the  cretaceous  series,  of  which  period 
they  are  highly  characteristic.  The  spe-  ' 
cies  of  this  group  were  formerly  referred 
to  a  distinct  order  (Budutee),  but  are 
now  considered  to  be  allied  to  the  well- 
known  eziBting  genus  of  which  Chama 
is  the  living  type*.  The  annexed  figure 
(fig.  145)  represents  a  common  form. 
Species  of  these  shells  are  abundant  in 
the  lower  cretaceous  rocks  or  "  Hippurite 
limestone"  of  Prance,  Spain,  Portugal, 
and  Italy,  and  occur,  although  rarely,  in 
the  corresponding  strata  in  ^England, 
They  have  been  obtained  £rom  ^gypt  ani 
Turkey,  and  are  stated  to  occur  in  Texas. 

Other  remains  of  biv^ve  shells,  resem- 
bling species  now  common,  are  less  abun- 
dant in  a  fossil  state,  though  many  of  them 
are  by  no  means  rare.  They  are  most  rare 
in  the  lower  rocks,  and  gradually  increase 
in  number,  approximating  at  the  same  time 
to  the  form  of  recent  species,  as  we  ad- 
vance to  the  examination  of  beds  higher 
in  the  series.  Thus,  in  the  group  an- 
nexed, the  Megalodon  (fig.  161,  see  also  mppnrita  bi-anUnu 
fig.  170),  although  in  external  form  it  is          {i*-er  chu™™.). 

SttWoodtnid  "On  tlic^ Stnictue^ ud  AfflnidM  at  thg  mppnritliln/^  Quut.    Geol. 


Joum.  yiil.  li.  p.  tO  ti  nq.    The  ibella  at  Hip|niiitei 

of  Che  lamfi  kind.    They  me  conicKl  when  yoimv.  hub  «»■.  u.^*nHuc  i^jiuuun^.     ^ucj  ■»»«>. 

of  twa  Ujerii  the  outer  corru^led.  compact,  uid  dark  coLound,  tha  umer  huiiiiiat«d  uid  white. 
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not  much  unlike  some  eziating  bivalvea,  haa  a  very  different  kind 
of  hinge,  shown  in  fig.  170.  The  Oryphaa  (fig.  160)  is  less  luUike 
some  existing  oyster-like  shells.  The  Trigonia  (fig.  147)  is  repre- 
sented by  Australian  Bpecies  of  nearly  similar  form,  while  the 
Astorte,  seen  in  fig.  148,  Ottrea  or  the  oyster,  fig,  149,  and  the 
Ot^-diwn  or  cockle  (fig.  146),  are  all  so  nearly  like  well-known  shells 
Fiff.  147.  Fig.  146. 


Otoup  of  Bi«I»e  »lielU. 
Cudinm  poniloaum  (Calciirc  (niaifai). 
TrigontK  lUlffformia  f  Lower  meiiund}. 
Aiurte  slegiDi  [Lover  OoliU). 
Oitns  Kmhii  I  Lower  uul  Uiddle  OoUte). 

Me^odoa  CDCuUftPu  (DoronUn). 

of  OUT  own  shores,  that  no  difficulty  will  be  felt  in  identifying  them. 
All  those  figured  are  extinct  apeciee,  and  most  of  them  have  disap- 
peared for  ages  from  the  surface  of  the  earth  and  the  waters  of  the 
ocean.  The  gradual  approximation  of  external  form  aud  character 
is  but  the  illustration  of  an  important  law,  which  appears  to  be  of 
universal  application. 
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686.  Umvahe  Shells. — The  great  multitude  of  univalve  Bhells, 
of  which  so  many  varieties  are  fMniliar  to  every  one,  are  Ekewiae 
repeated  ia  numerous  analogous  forms  amongst  foeail  bodies.  In 
the  rocks  near  the  upper  beds  of  the  series  met  with  in  our  own  and 
other  coimtries,  these  are  not  very  diasimil^  to  the  species  already 
fitmiliar  by  recent  and  known  speciea,  and  in  the  annexed  diagram 
examples  of  this  are  seen  in  the  Mwex,  Cerithimn,  and  Foluta 
(figs.  1S2, 163, 154).  All  these  might  be  paralleled,  if  not  from 
Fig.  162.  Fig.  151. 

Fig.  1G3. 
Fig.  15E. 


Gnnp  of  Ui^TalTfl  ihdli. 

ex  iiliwUlU"  (Croel. 

s.  Oerithiom  mutubile  (C^eiin  gnanta). 
—  '.iiU>t1ileti<Li»idaDcU;). 

rlnns  Goodballii  (Cml  ng). 

imipluliu  peuUnguUliu  {CKbonifeKnu). 

OUT  own  coaets,  at  least  from  shores  not  very  distant ;  but  when  we 
look  at  the  Nermeea  (fig.  155) ,  we  shall  find  that,  although  at  first  it 
Beena  Uke  known  species,  it  really  differs  much  in  the  peculiwity  of 
its  internal  Btmcture,  having  a  series  of  continuous  folds  on  the 
whorls  and  columella,  and  indicating  an  animal  with  marked  and 
peculiar  habits,  while  in  the  Etiomphalus  (fig.  156),  an  inhabitant 
of  much  older  seas,  the  earUer  volution  occasionally  possesses 
septa,  although  the  external  form  offers  little  to  remark  upon. 
The  gradual  change,  however,  from  a  shell  serving  as  a  p^tial 
float,  or  having  great  strength  combined  with  comparative  light- 
ness,  to  the  earlier  form  presented  in  several  univalve  sheila  which 
were  occupied  entirely  by  the  animal,  is  of  some  interest  in  the 
general  economy  of  the  Molluaca. 

587.  C^Aal4>oda.—Tbe  highest  group  of  shell-befflnng  animals 
is  called  CeplutU^oda  (eephale  a  head ;  poda  feet),  and  the  animals 
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thua  named  offer  a  amgular  contraat,  while  at  the  same  time 
they  exMbit  a  certam  analogy  in  diatribution  when  compared  with 
the  Brachiopoda.  Like  the  latter,  the  Cephalopoda  are  chiefly 
found  in  a  fosail  state,  and  range  through  all  depoaite,  from 
the  earliest  to  the  latest.  Like  them  also,  they  are  presented  in 
very  distinct  and  characteristic  forms  in  each,  and  can  often  be 
used  to  identify  doubtfU  strata.  The  older  forms,  however,  do 
not  depart  more  widely  from  the  modem  varieties  than  these  do 
from  each  other ; '  and  the  genus  Nautihu,  now  one  of  the  most 
rtOG,  except  in  a  comparatively  limited  range  of  sea,  has  its  repre- 
sentatives, with  scarcely  any  perceptible  ifference  in  structure, 
in  rocks  of  the  most  ancient  date.  Amongst  the  most  striking 
varieties  of  form  are  the  straight  shells  called  Baeulites  (fig.  157), 


Fig.  168. 


Fig.  161. 


Fig.  160. 


Otou|)  <rf  ihelk  ol  Cephalopoda. 

Buculils  Fuijuii  (CAili;. 

BtlemniUx  miMroaKtua  (ChaJU. 
--.,.  AmiDDiiitci  BnckUndi  (liat). 
IM.  Clrmeni- "     -'    *     ' 


common  in  some  parts  of  the  chidk,  probably  serving  entirely  ae 
floats ;  the  heavier,  but  also  straight  Belemmte*  (fig.  158),  which 
weighted  and  steadied  certain  ancient  cuttle-fish ;  the  flat  spiral 
Ammonite  (fig.  159),  presented  in  a  rich  variety  of  forms  through 
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many  long  series  of  secondary  deposits ;  the  more  eimple  C^menia 
(fig,  160,  see  also  fig.  171)  and  Qoniatite,  approaching  the  Sau- 
tiliis,  and  connecting  that  genus  with  the  Ainmonite ;  and  the 
singular  straight  shdl  called  Orthoeeratite,  a  distinct  form  of  the 
Faleeozaic  period  concerning  whose  hahita  the  evidence  ia  at 
present  imperfect. 

588.  While  the  seas  throughout  all  time  appear  to  have  been 
the  habitation  of  races  of  shell-beariDg  tuiimala,  gradually  de- 
pari;ing  from  one  aeries  of  forms  to  eshibit  others,  sometimes 
more  and  sometimes  leas  complex,  but  never  involving  radical 
change,  there  seem  also  to  have  been  abundant  examples  of 
Crustaceans,  being  traceable  by  representative  forms  far  back  into 
the  earliest  recorii  of  creation. 

Of  the  two  groups,  the  Entomostraca  and  Malacostraea,  into 
which  the  Cnutaeea  are  now  divided,  the  former  was  represented 
in  the  older  rocks  by  many  tribes,  amongst  which  may  be  men- 
tioned as  highly  characteristic  the  extinct  iamily  of  IHlobitea 
(fig.  162),  of  which  no  less  than  fifty  genera  p.    ,„ 

have  been  determined.     Small  bivalve  shells  *' 

of  the  same  group  have  recently  been  deter- 
mined in  large  numbers  from  rocks  of  all  ages. 
They  are  often  very  minute.  The  latter  group 
(the  MalacoiitTaca),  containing  the  crabs,  lob- 
sters, and  other  recent  crustacean  forms,  have 
only  been  traced  back  hitherto  to  the  early 
part  of  the  oolitic  period. 

The  Ingecta  also,  imperfectly  as  such  Bnimala 
could  generally  be  preserved,  offer  incontest- 
able evidence,  not  only  of  their  existence,  but 
of  their  presence  and  abundance  in  certain 
deposits  favourable  for  their  preservation,  and  Fhu»|H  oudanu. 

in  forms  scarcely  distinguishable  from  knovm 
recent  species ;  so  that  all  tribes  of  invertebrated  animals  which 
could  afford  eridence  of  their  having  once  existed  by  leaving  for 
investigation  the  fragments  of  any  hard  part,  or  the  imprint  of  the 
whole  body,  are  seen  and  proved  to  have  been  denizens  of  our 
globe,  at  periods  loi^  antecedent  to  that  which  comes  within  the 
compass  of  human  history. 

589.  The  bones  and  teeth  of  fishes,  the  skeletons  of  reptiles, 
and  the  various  indestructible  parts  of  quadrupeds  and  birda, 
being  in  like  manner  capable  of  preservation,  have  been  occa- 
sionally preserved  in  deposits  of  mud,  limestone,  and  even  of 
sand.  The  relative  proportion  is  smaller  in  those  rocks  which 
occupy  a  lower  position  in  the  series ;  but  this  alone  is  hardly 
sufficient  reason  for  concluding  that  such  animals  were  rare  or 
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did  not  then  exist.  When  these  remains  are  found  they  generally 
indicate  marked  differences  in  specific  character,  if  not  in  genera ; 
but  sometimes,  as  in  the  case  oi  the  tooth  figured  in  the  adjoining 
cut  (fig.  163),  there  is  merely  a  local  difference  of  structure ;  for 
the  elephantoid  animal,  whose  tooth  is  j^  ^q^ 

there  represented,  had  few  other  pecu- 
liarities of  the  osseous  skeleton  to  distin- 
guish it  £rom  the  elephant. 

The  number  of  species  indicated  bj  organic 
remains  actually  observed  and  described  from 
Tarious  formations  is  exceedingly  large,  and 
generally  has  some  relation  to  the  nature  of  the 
hard  or  other  indestructible  parts.  In  the  case 
of  the  Echinodermata,  the  estimated  numbers 
have  been  already  given,  but  of  the  remains  of 
animals  of  higher  organization,  the  number  of 

sped^  is  ye^  nauch  greater    though  still  vejy  Tooth  of  Mastodon. 

doubtfuL    The  following  Table  will  inform  the 
reader  of  the  conclusions  arriyed  at  by  Bronn  on  this  subject,  and  may  be 
interesting ; — 

Extinct.  Recent. 

Brachiopoda 952  48 

Biyalye  shells  not  Brachiopoda   6,030  2,413 

Ordinary  uniyalye  shells  6,110  8,673 

Cephalopoda 1,546  128 

Total  SHELL-BEABiira  anhcals    ...  13,638         11,262 

Cirrhopoda  87  107 

Crustacea  Entomostraca 563  143 

Bo.      Malacostraca 244  641 

Insects  and  Arachnids   1,682  65,600 


Total  ABTIOTTLATEDAimCALS 2,676  66,891 

Fishes 1,461  8,000 

Eeptiles 384  1,055 

Birds 148  7,000 

Mammalia 708  2,030 


Total  Vbbtbbbated  ajtimais 2,701        18,066 

Little  dependence  can  be  placed  upon  these  numbers  as  affording  an  accurate 
account  of  the  total  number  of  species  either  liying  or  extinct,  but  still  the 
calculation  is  not  without  great  use.  It  should  abo  be  obseryed  that  the  date 
of  publication  of  Professor  Bronn's  "  Enumerator"  is  1849,  and  that  many 
ad^tions  and  much  alteration  haye  been  made  since  that  period. 

As  a  further  and  yery  useful  illustration  of  the  resulte  of  research  in  this 
subject,  the  following  Synopsis  is  giyen.  The  author  is  indebted  for  it  to  Mr. 
Morris,  by  whom  it  has  been  drawn  up  from  the  last  edition  of  his  "Catalogue 
of  British  Fossils."  It  will  be  seen  from  this  Table,  that  the  Inyertebrata  occur 
throughout  all  periods,  while  the  Yertebrata  are  represented  by  fishes  in  the 
Palteozoic,  fishes  and  reptiles  in  the  Secondary,  and  Mammalia  in  the  Tertiary 
strata. 
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590.  TABLE    OP   DISTEIBTTTIOIT  OP   EXTINCT    GENEEA  IN  THE 
TAEIOUS  BOCKS  OF  THE  BBITISH  ISLES. 


Amorphozoa  

Eoramioifera  

Zoophyta 

Alcjonaria  

Orinoidea 

Cjstoidea    

Asteroidea  

Echinoidea 

Ophiuridse  

Annelida 

Oirrhipedia 

Entomostraca 

Malacostraca  

Insecta    

Bryozoa  

Mollusca  brachiopoda    

lamellibranchiata . . 

pteropoda    

gasteropoda 

heteropoda 

cephalopoda    

Fishes 

B>eptile8  

Birds  

Mammalia  


& 


I 


Total  genera 


37 
89 

147 
12 
49 
9 
15 
60 
4 
82 
14 
72 
25 
71 

112 
86 

368 
6 

301 

5 

40 

273 
55 
11 
63 


s 


en 

I 


1956 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 


00 

u 


0 

1 

81 
6 

13 
8 
3 
1 
0 

11 
0 

32 
0 
0 

13 

18 

22 
4 

18 
1 
6 
4 
0 
0 
0 


9 

8 


3 
0 
22 
0 
7 
1 
0 
0 
0 

1 

0 
9 
0 
0 
6 
14 
19 
0 
9 
2 
5 
35 
0 
0 
0 


I 


192 


1 
3 

31 
0 

16 
0 
0 
8 
0 
0 
0 

11 

1(?) 
2 

13 

15 

46 

1 

22 

2 

7 

61 

1 

0 

0 


S 
g 


4 
3 
6 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
5 
10 
16 
0 
9 
0 
1 
7 
2 
0 
0 


g 


133  246  67 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
4 
4 
0 
0 


S3 

o 

O 


4 

13 

24 

0 

5 

0 

5 

13 

4 

3 

1 

4 

4 

69 

12 

9 

63 

0 

46 

0 

5 

49 

28 

1 

4 


10366  319 


25 

26 

18 

0 

4 

0 

3 

20 

0 

3 

4 

5 

11 

0 

36 

10 


0 
20 
11 
3 
3 
0 
3 
7 
0 
4 
3 
2 
4 
0 
5 
2 


57   52 
0     0 


H 

I 


28 

0 

12 

45 

12 

0 

0 


78 
0 
4 

66 
8 
5 

16 


296 


0 

22 
3 
0 
1 
0 
1 
6 
0 
5 
5 
0 
5 
0 

19 
5 

63 
1 

57 
0 
0 
2 
0 
0 
6 


0 
1 
1 
8 
0 
0 
0 
0 
0 
1 
1 
4 
0 
0 
1 
1 

28 
0 

34 
0 
0 
0 
0 
5 

37 
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591.  The  use  of  fossils  in  the  classification  of  rocks  is  dependent 
on  the  universality  and  permanence  of  the  laws  of  distribution  of 
organic  beings.  If,  therefore,  it  were  the  case  that  no  species 
passed  from  one  formation  to  another,  and  that  the  same  species 
universally  characterized  formations  of  the  same  date — ^if  even  it 
were  true  that  any  perfect  and  distinct  parallelism  existed  between 
strata  strictly  contemporaneous  and  a  distinct  difference  between 
those  certainly  formed  at  distant  periods — ^then  might  a  few  weU- 
marked  and  characteristic  species  save  the  geologist  much  labour 
in  identifying  rocks  by  removing  the  necessity  that  now  exists  of 
studying  the  possible  indications  presented  by  each  part  of  everv 
formation  in  any  one  district,  and  the  comparison  of  these  with 
other  recognized  types  in  various  parts  of  the  world.    Here,  how- 
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eyer,  as  elsewhere,  there  is  no  royal  road  to  knowledge,  and  no 
abstract  discovery  of  the  presence  of  a  particular  species  can  decide 
questions  concerning  the  identity  of  deposits ;  while  it  is  equally  the 
case  that  no  mere  difference  in  the  abundant  and  characteristic 
fossils  is  sufficient  to  justify  the  conclusion  that  a  supposed  con- 
temporaneity does  not  exist.  The  whole  group  of  fossils  found  in 
any  deposit  requires  to  be  carefully  examined  and  the  species 
compared  by  a  competent  naturalist,  and  the  result  may  be  re- 
garded as  usually  sufficient  to  decide  concerning  the  relative  date 
and  actual  conditions  of  deposits.  This  department  of  Natural 
History  is  both  difficult  and  obscure ;  and  it  requires  a  thorough 
knowledge  of  other  departments  and  of  existing  species  nearly 
allied  to  fossil  forms  to  produce  any  useful  and  trustworthy  result. 
PalsBontology,  therefore,  has  not  for  its  chief  object  the  amusement 
of  the  general  reader ;  nor  must  the  student  imagine  thiat  the  col« 
lecting  of  fossils,  however  interesting  an  occupation  it  may  seem,  or 
the  possession  of  a  collection,  however  rich,  enables  the  collector 
to  examine,  compare,  and  describe  the  fossils,  or  even  refer  the  bed 
that  contains  them  to  its  place  in  nature. 

592.  But  if  there  is  no  blmd  dependence  to  be  placed  on  individual 
species,  enabling  the  paUBontologist  thus  to  decide  important  ques- 
tions concerning  geological  position ;  neither,  on  the  other  hand, 
can  that  position  be  determined  solely  by  investigations  concerning 
superposition,  mineral  character,  or  mineral  condition.  The  iden- 
tification of  doubtful  rocks  in  a  country  whose  geographical  details 
and  general  geological  structure  are  imperfectly  known,  must  be  a 
labour  involving  many  investigations,  and  much  careful  compari- 
son of  evidence ;  and  is  at  last  subject  to  some  causes  of  error, 
until  the  structure  is  approximately  laid  bare.  The  principles  of 
geological  nomenclature  include  all  these  points ;  and  a  knowledge 
of  all  to  some  extent,  is  an  essential  part  of  the  education  of  the 
geologist.  On  the  other  hand,  however,  it  is  by  no  means  neces- 
sary that  the  geologist  should  be  an  accomplished  naturalist,  either 
in  zoology,  botany,  or  mineralogy.  He  must  be  a  good  observer ; 
something  of  a  mathematician  and  surveyor,  to  understand  the 
position  and  phsenomena  of  solid  bodies ;  and  he  must  have  a  fair 
acquaintance  with  the  chief  phaenomena  of  natural  history.  Beyond 
this  every  additional  knowledge  is  useful  and  valuable ;  but  these 
suffice  to  commence  operations. 

•  593.  In  the  classification  of  rocks,  the  use  of  fossils  is  so  con- 
siderable and  so  manifest  in  forming  natural  groups,  and  connect- 
ing very  dissimilar  materials  by  one  common  and  recognizable 
band  of  union,  that  the  whole  group  of  rocks  are  sometimes  divided 
into  "  fossiliferous  "  and  "  unfossiliferous.'*  But  this  is  not  practi- 
cally available  in  all  cases,  as  many  sands  and  other  siliceous  rocks 
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have  been  unfavourable  for  the  preservation  of  organic  bodies. 
Some  clays  also  are  without  such  indications  of  their  origia,and  even 
some  limestones,  once  entirely  composed  of  organic  remauis,  have 
now  lost  this  appearance,  and  are  nearly  or  quite  crystalline.  It  is 
far  wiser  to  consider  each  group  of  sliata  as  characterized  by  its 
fossils,  when  these  are  present,  but  as  including  altered  and  even 
crystalline  rocks,  when  they  are  manifestly  of  the  same  age ;  and 
thus  we  shall  avoid  a  separate  class  for  the  imperfectly  stratified 
and  metamorphosed  rocks,  concerning  which  we  have  already  said 
almost  as  much  as  in  this  elementary  work  is  desirable. 

594.  The  whole  series  of  fossiliferous  stratified  rocks  may  be 
conveniently  divided  into  three  great  classes,  or  principal  groups 
of  formations,  respectively  denominated  Paljeiozgic,  Secomdaet, 
and  Tebtiabt  ;  these  three  being  sufficiently  well  marked  and 
distinctive,  at  least  in  Europe,  to  be  generally  received  in  geology. 

But  in  order  to  understand  the  value,  and  even  the  meaning,  of 
these  and  other  subdivisions  in  geology,  they  require  to  be  con- 
sidered with  reference  to  the  origiu  of  stratified  rocks  j  and  for 
this  purpose,  let  us  assimie  that  the  whole  series  of  strata  which 
we  find  in  il^gland,  were  deposited  successively  from  water,  but 
that,  during  tms  long  period,  many  great  alterations  of  level  had 
taken  place ;  the  beds  being  occasionally  depressed, — admitting  of 
the  deposit  of  new  strata  upon  them, — and  occasionally  elevated, 
and  becoming  dry  land.  During  the  whole  period  let  us  also 
assume  a  like  gradual  and  successive  change,  aSectmg  organized 
beings  both  of  land  and  sea.  It  must  be  clear  that,  in  such  a  con- 
dition of  things,  there  would  be  three  different  states  in  which  the 
actual  solid  surface,  whether  above  or  under  water,  might  exist : 
it  might  be  the  bottom  of  the  sea,  and  the  recipient  of  deposits 
then  going  on ;  or  it  might  be  also  under  water,  but  fer  removed 
from  the  neighbourhood  of  land,  and  receiving  no  additions  cor- 
responding to  those  made  under  the  first  supposition ;  or,  lastly, 
it  might  form  an  island  or  continent,  and  be  exposed  to  constant 
denudation,  losing  a  part  of  what  it  had  formerly  received.  At 
another  period,  the  circumstances  might  be  altered ;  but  that  por- 
tion of  solid  surface  which  had  existed  for  a  long  time  without  the 
deposition  of  new  beds,  as  well  as  that  from  which  the  uppermost 
surface  had  been  denuded,  would  necessarily  exhibit,  in  the  remains 
of  organized  beings  found  in  it,  an  amount  of  change  corresponding 
to  the  period  that  had  elapsed  during  which  there  was  no  additional 
deposit. 

Now,  if  we  consider  how  large  a  proportion  of  the  earth  there 
must  be  at  present  receiving  no  new  deposits  of  any  kind,  and  the 
probability  that  such  a  condition  must  always  have  existed,  and 
then  turn  to  the  contemplation  of  geological  phsenomena,  we  shall 
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cease  to  wonder  at  the  occasional  appearance  of  breaks  in  the 
successive  groups ;  and  we  shall  rather  be  astonished  at  the  slow 
and  stately  progress  of  the  changes  that  have  taken  place,  and  the 
vastness  of  the  machinery  set  in  motion  to  produce  the  effects 
actually  observed  in  stratified  rocks. 

695.  The  nature  of  geological  classification,  then,  is  thus  ex- 
plained :  depositions  constantly  going  on,  at  one  point  or  another, 
and  elevatory  movements  or  depressions  of  the  surface  having  been 
equally  incessant,  there  have  been,  from  time  to  time,  such  changes 
produced,  either  suddenly  or  graduaUv,  that,  in  any  given  area 
a  pause  has  occasionally  occiured  in  the  deposition  of  strata ;  so 
that,  when  the  deposit  again  commenced,  a  change  had  taken  place 
in  the  nature  of  the  inhabitants  of  that  spot,  sufi^ciently  marked 
to  exhibit  a  distinct  character  when  the  lossil  remaLos  are  care- 
fully examined  and  compared.  Prom  time  to  time,  these  pauses 
have  been  longer,  and  larger  tracts  have  been  withdrawn  from  the 
infiuence  of  aqueous  deposition  for  a  longer  period ;  so  that  we 
are  able  also  to  group  together  several  strata,  each  stratum  being 
itself  more  or  less  distinguishable  from  the  rest.  Lastly,  there 
are  still  more  remarkable  breaks,  distinguished  yet  more  decisively; 
and  these  form  the  fundamental  divisions  into  which  all  the  rest 
arrange  themselves,  and  to  some  one  of  which  every  stratum  may 
be  referred. 

596.  Viewing  Geology  in  its  greatest  generalitv,  there  is  per- 
haps but  one  of  these  latter  decided  and  weU-marKed  lines  to  be 
traced  throughout  the  whole  series  of  formations.  It  is  that  which 
separates  the  strata  above  the  chalk  from  all  that  are  subjacent : 
and  even  this  separation  cannot  be  looked  upon  as  a  universal 
phsBuomenon,  although  it  is  so  extensive  that  no  instance  of  real 
transition  of  the  one  series  into  the  other  has  yet  been  discovered 
in  Europe,  Asia,  or  America. 

Although  there  are  no  very  clear  lines  of  demarcation  to  be 
drawn  between  the  different  and  numerous  groups  of  the  rocks 
of  older  date,  there  yet  does  appear  to  be  one  sufficiently  remark- 
able to  justify  a  further  subdivision,  and  taking  advantage  of  this, 
the  whole  series,  from  the  chalk  downwards,  has  been  separated 
into  two  parts ;  to  the  lower  of  which  the  name  PALiEOzoio  has 
been  appHed,  the  upper  beds  being  called  Sbcos^dabt  ;  while  the 
beds  above  the  chalk  are  distinguished  by  the  term  Teetiaet.  The 
most  modem  deposits  have  been  called  Beoent  or  Quatebkabt. 

597.  In  the  early  history  of  Geology,  formations,  of  whatever 
period,  were  called  Primary  or  Secondary,  according  as  they  ap- 
peared to  be  non-fossiliferous,  or  to  contain  organic  remains.  At  that 
time,  however,  none  but  the  newest  members  of  the  series  now 
called  Fabeozoic  were  recognized  as  fossiliferous ;  and,  as  the  rest 
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were  gradually  brought  into  notice,  they  received  the  names, 
transition^  primary  fossiliferovs,  grauwacke,  &c.;  names  involving 
theories  most  of  which  are  now  given  up. 

The  name  Pakeozaic,  indicating  merely  the  fact  that  the  strata 
so  called  contain  the  fossil  remains  of  the  earlier  formed  animals, 
is  now  usually  employed  to  designate  a  comprehensive  group ; 
and,  from  its  applicaoility,  and  the  absence  of  any  allusion  to 
theory,  it  has  come  into  general  use. 

598.  The  further  subdivisions  of  the  fossiliferous  rocks  will  be 
best  understood  by  referring  to  the  following  table,  in  which  each 
formation,  or  group  of  strata,  is  placed  in  the  order  in  which  it  is 
found  in  nature ;  and  the  groups  of  formations  are  collected  toge- 
ther into  systems,  and  lastly,  these  systems  into  the  three  divisions 
which  have  been  just  explained*. 


TABLE  OF  THE  CLASSiriCATION  OF  EOCKS. 

TEBTLAJIT  AND  EECENT  PERIOD. 


FoBEiax  EQirrrALENTS. 
Terrain  quatemaire  (upper  part) . 

Deltas  of  Bhine,  Nile,  Ghmges,  and 
other  riyers. 

Coral  reefs  recently  raised. 

Marine  strata  of  Temple  of  Serapis. 

Volcanic  tuffs  of  Isohia. 

Loess  of  the  Bhine. 

Newer  boulder  formation  of  Sweden. 

Bluff  of  the  MississippL 

Terrains  tertiaires  supSrieures 
[Terrain  quatemaire  (lower 
part)]. 

"    Pampas  d^osit  of  S.  America. 

Ghuaal  drift  of  North  Europe, 
the  Alps,  and  the  northern  part 
of  N.  America. 

Gfirgenti  limestone. 

Australian  cavern  breccias. 
"    Subapennine  beds,  and  deposits 
at  and  near  Bome. 

Antwerp  crag. 

Normandy  crag. 

Aralo-Caspian  deposits. 

Newest  Sewalik  beds  of  India. 

*  The  table  originallT  pubUthed  in  the  author's  work  on  Geology  (vol.  i.  p.  88  et  »eq.)f  and 
adapted  to  the  first  edition  of  the  present  volume,  has  been  again  greatly  modified  to  render  it 
conformable  to  the  existing  state  of  geological  knowledge.  For  many  of  the  alterations  the  author 
is  indebted  to  a  carnally  prepared  table  published  in  wc  last  edition  of  SirC.  Lyeli's  '*  Manual." 


Bbitish  Bocks. 
Beeent  Deposits  (Post  Pliocene). 

Peat  with  human  remains. 

Alluvial  plains  of  rivers  with  buried 
ships. 

Baised  beaches  and  submerged  fo- 
rests. 

Alluvium  and  gravel  without  human 
remains. 

Upper  Tertiary  series  (Pleisto- 
cene, Newer  Pliocene,  and 
Older  Pliocene). 

Glacial  drift  or  boulder  forma- 
tion of  Norfolk,  the  Clyde  valley, 
North  Wales,  &c. 

Fluviatile  d^>osits  with  mam- 
malia in  the  valley  of  the  Thames 
and  other  rivers. 

Norwich  crag. 

Cavern  deposits. 


l.« 


1.^ 


■■{ 


Bed  crag. 
Coralline  crag. 


2. 
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TEBTIABT  EPOCH  (continued). 


Bbitish  Books. 
Middle  Tertiary  series  (Miocene), 

[The  marine  strata  are  absent  in 
England,  and  only  some  doubtful  lig- 
nites of  this  age  appear  in  Ireland. 
There  is  also  a  leaf-bed  in  the  Isle  of 
MuU,  probably  of  this  date.] 


Lower  Tertiary  series  (Eocene). 

1.  Hempstead  beds,  Yarmouth, 
Isle  of  Wight. 

2.  BembridgeorBinsteadbeds, 
Isle  of  Wight. 

'3.  Osborne  or  St. Helen's  series. 

4.  Headon  series. 

5.  Headon  hill  sands,  and  Bar< 
ton  clay. 


FOBEIGN  EQTJITALEyTB. 

Falunien  snpSrieur, 

Faluns  of  the  Touraine. 
Bordeaux  deposits  (part). 
Bolderburg  beds  (Belgium). 
Vienna  basin  (part). 
Molasse  of  Switzerland. 
Sewalik  beds  of  India  (part). 
Sands  of  James  river,  Va.  U.S. 

Terrains  tertiaires  inferietirs. 

'^G^r^s  de  Fontainebleau. 
Auv  ergne  lacustrine  beds  (part) . 
El^n  Spawen  or  Limburg  beds 

(Belgium). 
Mayence  basin. 

Brown  coal  of  Germany  (part). 
Montmartre  gypseous  series. 


1. 


2. 


r  Galcaire  sihoeux. 

6.  B^h^^'and  BracUesham    ^^^  1  ?^'v^®  ?^''*'^P.-     x 
j^^  llaiecKea  beds  (Belgium). 

L7.  [Probably  absent.!  ^»  ^'     ^^'^^f^'^   ^""^^   *"^ 

r  Brussels  beds. 
6.  •<  Galcaire  grossier  (lower). 

I  Claiborne  beds,  Alabama,  IJ.S. 

6,7. 

7. 

8. 

9. 

10. 


8.  London    day  and    Bognor 

beds, 
r  Plastic  and  mottled  clay 

9.  <      and  sands. 

[Woolwich  beds. 
lO.Gnxanet  sands. 


Nummulite  formation. 
Soissonais  sands,  Caesel  beds. 
Terrain  Tprenen  of  Dumont. 
Argile  plastique  and  lignite. 
Lower  Land&men  (Be%ium). 


SECONDAET  EPOCH. 


Upper  Oretaceous  series, 

1.     [Absent  in  England], 
tipper  chalk. 

White  chalk  with  flints. 
Lower  chalk. 

Chalk  without  flints. 

Chalk  marl. 


2. 
3. 


Middle  Cretaceous  series, 

4.  Upper  greensand. 

Ix>ose    sand  with    green 

grains. 
Firestone  (Merstham). 
Marly    stone   with    chert 

(I.  of  Wight). 

5.  Gault. 

Dark  blue  marL 
Blackdown  beds. 


Terrams  oretacees. 

"  Danien  division  of  d'Orbigny. 
CalcairepisoUtique,  near  Paris. 
1.  M  Faxoe  coralline  limestone  of 
Denmark. 
,  Maestricht  beds, 
r  Senonien. 
2   J  Upper  quadersandstein  (Ger- 
many). 
,  Scaglia  (Italy). 

g    ,  Calcaire  des  hippurites  (Py- 
renees). 


n 


.  Upper  planerkalk. 
^  Cenomamen, 

Glauconie  crayeuse  (part). 

Craie  chlorite. 

Lower  quadersandstein.   - 


i^i^ivi 


^■Pl 
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SECONDARY  EPOCH  (continued). 


Bbitish  Books. 

Lower  Gretaceouts  series, 

6.  Lower  greensand. 

Sand  with  green  matter. 
Kentish  rag  (Calcareous). 
Sands  and  clays  with  lime 

concretions  and  chert. 
Atherfield  beds  (I.  of  Wight). 
Speeton  clay. 

Wealden  series. 

7.  Weald  clay  with  limestone. 

8.  Hastings  sand  (with   calca* 

reous  grit  and  clay). 

Upper  Oolitic  series. 

9.  Purbeck  beds. 
I Q  /  Portland  stone. 

'  \  Portland  sand. 
11.     Eimmeridge  clay. 


FoBEiaN  Equivalents. 

f  AJhien. 
5.  <  G-lauconie  crayeuse  (part). 
L  Lower  planerkalk. 
("Aptien. 

I  Neocomien  mip4rieur. 
I  Calcaire  4  diceras. 
Qt^s  Tert  infi^rieur. 
HUs-conglomerat. 
Pondicherry  beds  (India). 
Bogota  beds  (S.  America). 
(^Hils-thon  (Brunswick). 
y  g  (Ibrmatian  Waldietme. 
'    '  \  Neocomien  iwfirieur. 


6. 


Middle  Oolitic  series. 
j2  /  Calcareous  grit. 

*  \  Coral  rag. 

,  Q   r  Oxford  clay. 

*  \  Kelloway*s  rock. 

Lower  Oolitic  series. 

{Combrash. 
Forest  marble. 
Bradford  clay. 
Great  OoUte. 
Stonesfield  slate, 
r  Fuller's  earth. 
15.  •<  Inferior  oolite. 
L  Dundry  beds. 

Liassic  series. 

16.  Upper  lias  or  alumstone. 

17.  Marlstone. 
jg  f  Lower  lias. 

*  \  White  lias. 


Upper  New  JRed series  (Trias). 

rSaliferous   sandstones  and 

19.  <      shales. 

[  Bone-bed  of  Aust  diff. 

20.  (Absent  in  England.) 

21.  Yari^ated  sandstones. 


Terrains  jti/rassiques. 

9.    Serpuliten  kalk  of  Germany. 
10,     Ghroupe  Portlandien. 

{Calcaire  k  gryph^  virgule. 
Argile  de  Honfleur. 
Lithographic  limestone  of  Ba- 
varia and  Blangy. 

12  i  ^^^^  corallien. 

'  \  Calcaire  k  nerin^s. 

13  /  ^^f^^*^  or  CaUovien. 
'  \  Argile  de  Diyes. 

,^  f  Sathonien. 
•  \  Calcaire  de  Caen. 
""Sajocien. 
Oolithe  iaferieure, 
15.-^  Oolithe    ferrugineuse    (Nor- 
mandy). 
^,  Oolithe  de  Bayeux. 


Terrains  liassiques. 

16.  Toao'cien.  ' 

17.  lAasien. 

18.  Sifiemurien. 

Calcaire  k  gryph^  arqu^. 
Bichmond  coal-field,  Va.  U.S. 

Terrains  Salijeres. 

19  i^W^^^f*^^' 

'  \  Keuper  (Mames  iris^). 

2Q  T  Muschelkalk. 
'  \  Calcaire  k  Ceratites. 


2j  /  Bimter  sandstein. 
*  \  Grfes  bigarr^. 
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Permian  series  (Magnesian  lime- 
stone). 

1.  Magnesian  limestone. 

2.  Lower  new  red  sandstone. 


Dolomitio  conglomerate. 


Upper  Carboniferous  series. 
r  Coal-measures, 
J  Ghritstones. 
"^  Coal  with  shales  and  grits. 

Freshwater  limestone  (?)« 

Millstone  grit. 

Coarse  pit. 

.Laminate  shales. 

Lower  (hrhoniferous  series, 

Carhoniferons  limestone. 
Lower  limestone  shale. 
Fosidonomya  schist. 

Devonian  series  (Old  red  sand- 
stone). 

r  Conglomerates,  &c.  (Herefordsh.). 

\  Sandstones,  &c.  (Scotland). 

^Upper  shales  (DeYonshire). 

I  Plymouth  limestone. 
J  Comstones  (Herefordshire^ 
^  Lower  beds  (North  Devon). 

I  Arbroath  paving-stones. 

^Caithness  schisto. 

Upper  Silurian  series, 
Tilestone. 

Upper  Ludlow  rocks. 
Aymestry  limestone. 
Lower  Ludlow  shales. 
Wenlock  limestone. 
Wenlock  shales. 

Woolhope  limestone,  Upper  Cara- 
doc  sandstone,  and  shales. 

Lower  Silurian  series. 

(Lower  Caradoc  sandstone. 
Llandeilo  flags  and  shales. 
Bala  limestone. 
Graptolite  schists  ^Scotland). 
Lrish  limestone  (Kildare). 
TArenigbeds. 
2.  ^  TremMloc  slates. 
.  Lingula  flags. 
Haneohisrits.   Llanberis  slates. 


2.- 


3. 


1 


Lowest  lossiliferouB  rocks  of 
Wicklow  in  Lreland. 


Calcaire  magnesien, 

r  Stinkstein. 
1  J  Bauchwacke. 
^'^  Dolomite. 

Zechstein. 

Kupfer-schiefer. 

BoUi  li^endes  (Gb^  deVosges). 

Terrain  houillier. 

Contemporaneous  beds  containing  coal  occur 
under  similar  conditions  in  Belgium,  France, 
Rhenish  Prussia,  Silesia,  Bohemia,  Russia, 
Spain,  Portugal,  Turkey,  and  various  parts  of 
North  America. 

Out  of  England  the  miUstone  grit  is  gene- 
raUy  subordinate  and  often  absent. 

The  carboniferous  limestone  is  represented 
in  Belgium,  on  the  Rhine,  and  in  Spam,  Scan- 
dinavia, and  Russia  by  similar  rocks  —  in 
Germany  by  the  Kieael'tehiefer  and  Jungere 
Grautoacke,  The  Pentremite  iimeatoneoiihe 
United  States  is  equivalent,  and  so  are  certain 

Spseous   beds  and  encrinital  limertones  of 
ova  Scotia. 

l^errain  ])evonien. 

"Russian  Devonian  series  (upper). 
Catskill  group,  U.S. 
Eifel  limestone. 
YiUmar  limestone  (Nassau). 
Spinier  sandstone  and  slate  (Sand* 

berger). 
Old  Bh^iish  grejwacke. 
Bussian  Devonian  power). 

Terrain  Siltirien, 

New  York  series  ^part). 
Bohemian  series  ^art). 

[Numerous  contemporaneous 
deposits  are  found  in  various  parts 
of  the  world,  but  the  synonyms 
do  not  admit  of  being  tabulated 
conveniently.] 

r  New  York  series  fpart). 
!.•<  Bohemian  series  ^art). 
I  Angers  slates. 

^  Primordial  zone  of  Bohemia. 
Alum  schists  of  Sweden. 
2,  S.'{  Potsdam  sandstone,  U.S. 

Wisconsin  and  Minnesota,  oldest 
fossiliferous  rocks,  U.S. 
N.B.    The  lower  members  of 
this   series  (Nos.2, 3)  form   the 
Cambrian  series  of  some  authors. 
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As  in  the  preceding  Table  the  details  are  given  to  some  extent, 
and  the  principal  subdivisions  are  only  indicated,  the  following 
more  general  view  will  also  be  useflS. 

599.  TabuiiAB  Abeak0bmbkt  oe  Bbitish  Eocks  in  Labge 

Gboups. 


e  "PTmriffT  /  ^^^»  alluvximi,  and  raised  beaches. 

r  JtJliLJSi H 1    v\  Existing  river  Deltas. 

.V        r  Glacial  fi^nd  other  drift. 

UppBitt -  Norwich  crag, 

.  Bed  and  coralline  crag. 

'  Hempstead  and  Bembridge  series. 


TEBTIABT 


-{ 


LOWSB 

rXJppBB ^ 


g 

O 
O 


CBETACEOUS 


oounc 


Headon  and  Bagshot  series. 

London  and  Fla«ticj^^  series. 

Upper  or  white  rhnllfa 

Lower  or  grey  chalk. 
MrDDM       /  Upper  Greensand. 
miDDLB  •••|(Hult,Blackdownbeds. 
LoWEB Lower  (sh-eensand,  Speeton  clay. 

Wb AiDBN  •  /  ^eald  clay. 

\  Hastings  sand. 
r  Purbeck  beds. 

f  Uppbb <  Portland  beds. 

t  Kimmeridge  clay. 

{Great  oolite. 
Inferior  ooUte.  , 


^LOWBB 


l^SIC  \^^.^^. 


.  TBIASSIG  i  Saliferoos  marls. 

■^^^       1  Variegated  sandstone. 

PIPDIHT  AW  /  Magnesian  limestone. 

rriitmiftH    1  Lower  new  red  sandstone. 


O 

M 
O 

S3 
O 

I 


r  TT««T.-D  f  Coal-measures. 

CABBONI-        j  ^^^^ 1  Millstone  grit. 

I  T^wvT*         r  Carboniferous  Umestone 


FEBOUS 
DEVONIAN 


rUPPEB. 


SnXTBIAN 


.LOWBB     ...•< 


^  Limestone  shales. 

'  Conglomerates  and  limestones. 

Marls  and  schists. 

Tilestone. 

Ludlow  series. 

Wenlpck  series. 
^  Upper  Caradoc. 

Lower  Caradoc. 

Llandeilo  flags. 

Arenigbeds. 

Lingma  flags. 
,  Wioklow  lowest  beds. 


*  The  Wealden  is  the  fiuviatile  repietentathre  of  the  uppermost  beds  of  the  Oolitic  or  lower, 
most  beds  of  the  Cretaceous  series. 

p2 


316 


CHAPTEE  XIV. 

BOCKS  AND  FOSSILS  OF  THE  OLDEB  OB  PALEOZOIC 

PEBIOD. 

600.  The  unfossiliferous  and  crystalline  rocks  underlying  all 
others  have  been  referred  to  in  Chapter  XI.,  and  some  phaenomena 
of  their  condition,  and  also  of  their  position  (in  relation  to  the 
mechanical  deposits),  have  been  further  described  at  the  close  of 
Chapter  XII.  It  is  necessary  here  to  refer  to  these  rocks  as  sup- 
plying the  material  for  the  oldest  deposits,  for  assuming  that  each 
mechanicaJS»>formed  stratum  was  derived  from  the  mechanical 
displacemem  of  some  other  rocks,  the  lowest  or  first-formed  must 
have  obtained  its  sandstone,  clay  or  limestone  from  some  granites, 
slates,  primitive  limestones,  or  other  rocks  already  in  existence. 

There  are,  however,  two  ways  in  which  this  might  happen,  as 
the  lowest  and  oldest  rocks  yet  examined  may  either  be  really  the 
first  that  were  formed,  or  they  may  have  been  themselves  derived 
from  some  older  fossiliferous  deposits  not  now  to  be  seen.  The 
balance  of  opinion  at  the  present  day  amongst  geologists  is  cer- 
tainly in  favour  of  the  former  view.  The  balance  of  evidence  does 
not  seem  quite  so  decided,  but  it  is  at  any  rate  clear  that  before 
discussing  the  composition  of  the  earliest  known  strata,  we  should 
carefully  consider  now  far  they  can  be  referred  to  the  decomposi- 
tion of  known  crystalline  rocks,  and  whether  these  rocks  them- 
selves are  likelv  to  have  yielded  much  evidence  of  their  nature 
and  origin,  if  of  the  same  nature  as  those  now  met  with.   . 

601.  Considering  the  extent  to  which  all  rocks  undergo  chemi- 
cal change,  it  seems  rather  a  bold  assumption,  that  what  is  now 
granite  or  slate,  on  which  rests  a  deposit  of  ancient  date,  was 
always  the  same  as  it  now  is,  and  was  as  completely  formed  when 
first  covered  by  Silurian  mud  as  at  the  present  time,  when  many 
ages  have  certainly  elapsed.  It  is  more  probable,  as  being  more 
consistent  with  reason  and  analogy,  that  the  granite  or  slate  of  to- 
day was  the  half-formed  stone  or  hardened  mud  of  that  period,  and 
that  the  causes  of  change  which  have  resulted  in  the  production 
of  granite  or  slate  have  helped  to  modify  the  mud  deposited  on 
them.  This,  however,  assumes  that  the  mechanical  history  of  depo- 
sited rocks  may  be  more  ancient  than  the  history  of  life  on  the  globe. 

Begarding  the  igneous  and  altered  rocks  already  described  as 
the  original  source  of  the  materials  of  which  mechanical  and  fos- 
siliferous rocks  are  composed,  we  may  now  proceed  to  the  descrip- 
tion of  those  rocks  in  regular  order.     This  order  may  either  begin 
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with  the  older  and  advance  gradually  to  the  more  modem  groups, 
or  commencing  with  the  existing  order  of  creation,  we  may  trace 
the  history  backwards  to  the  earliest  formations.  Each  method  has 
advantages  and  disadvantages,  but  in  the  present  case  the  former 
is  selected,  as  best  agreeing  with  the  general  plan  of  the  work, 
and  the  present  condition  of  science*. 

602.  The  Silurian  rocks  are  so  named  from  the  districts  in  which 
their  main  divisions  and  best-developed  series  were  first  discovered 
and  described.  The  district  in  question — a  portion  of  South 
"Wales  and  the  adjoining  counties  of  Eiigland — was  formerly  in* 
habited  by  the  Sihtri,  a  tribe  of  ancient  Britons,  and  was  investi- 
gated geologically  by  Sir  Roderick  Murchison,  with  a  view  to  the 
determination  of  a  well-marked  series  of  rocks  more  ancient  than 
those  of  the  Carboniferous  system. 

The  Lower  members  of  this  series  include  a  vast  thickness  of 
deposits  below  those  originally  assumed  by  Sir  R.  Murchison  as 
the  base  of  his  Silurian  rocks,  and  it  was  originally  proposed  by 
Prof.  Sedgwick,  who  first  observed  them  in  North  W«des,  that  the 
name  of  Cambricm  should  be  given  to  the  group  there  predomi- 
nant. After  minute  investigation  of  the  rocks  and  fossils,  not 
only  in  the  British  Islands  but  throughout  Europe  and  North 
America,  it  appears  that  no  such  amount  of  difference  exists  in 
nature  between  the  Silurian  rocks  and  fossils  properly  so  called, 
and  these  lowest  fossihferous  deposits,  as  to  justify  the  use  ef  both 
names;  and  therefore  while  retaiuing Prof.  Sedgwick's  designation 
as  a  synonym,  it  seems  most  consistent  with  the  present  state  of 
science  to  omit  it  as  a  principal  heading. 

Lower  Sihiricm  Series, 

603.  Bocks  called  by  Sir  E.  Murchison  and  others  azoic,  as  not 
at  present  yielding  any  evidence  of  life  at  the  time  of  their  form- 
ation, are  found  in  Wales  occupying  an  intermediate  position 
between  crystalline  and  fossiliferous  rocks.  These  lowest  rocks 
include  the  Harlech  grits  and  Llcmheris  slates.  They  are  repre- 
sented in  Ireland  (on  the  coast  opposite  the  isle  of  Anglesea)  by 
similar  rocks,  in  which  remains  of  two  species  of  zoophytes  are 
found.  These  are  both  referred  to  the  same  genus  (Oldhamia), 
and  at  present  they  are  the  most  ancient  forms  of  organization 
that  have  been  determined.  The  rocks  consist  of  contorted  schists, 
of  the  kind  called  by  Glerman  geologists  grauwacke  (anglicised 
into  greywache)y  fine  and  coarse  grits,  and  fine  purple  roofing- 
slates,  largely  worked  in  North  "Wsdes,  altered  in  places  into  chlo- 
ritic  and  mica  schist,  and  in  others  into  quartz  rock.     The  pre- 

*  In  the  first  edition  it  was  thought  advisable  to  commence  with  existing  creation  and  proceed 
downwards.  This  will  account  for  a  considerable  amount  of  difFerence  that  may  be  observed  in 
the  present  and  two  succeeding  chapters,  all  of  which  have  been  carefully  rewritten.  ■ 
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existing  masses  out  of  whose  materials  these  beds  were  formed, 
have  not  yet  been  found  in  the  British  Islands,  although  in  Bo- 
hemia and  in  North  America  there  are  crystalline  rocks,  which 
from  their  underlying  position  are  known  to  be  of  still  higher  an- 
tiaui^.  The  thickness  of  the  oldest  mechanical  rocks  in  Wales 
(tne  Harlech  and  Llanberis  series)  is  estimated  at  1500  feet. 

604.  'Next  in  order,  and  also  exhibited  in  Wales,  are  the  Lmgula 
flags  (about  2000  feet  thick),  containing  peculiar  fossils,  and 
consisting  chiefly  of  gritstones  and  schists  with  imperfect  slaty 
cleavage,  passing  into  the  sandstones  and  fine  quartz  rock  of  the 
Stiper  stones  in  Shropshire.  Above  these  are  the  Tremadoo  slates 
(1000  feet),  and  above  these  again  the  Arenig  slates  and  Arenig 
porphyries  (7000  feet).  In  all  this  great  thickness  the  fossils 
hitherto  found  are  very  sparingly  distnbuted,  and  the  number  of 
species  is  very  small,  but  a  difference  is  recognized  between  these 
species  and  those  of  overlying  rocks.  The  Lingula  (a  small  bivalve 
shell)  is  the  most  common  fossil ;  but  there  are  also  two  small 
tnlobites,  a  shrimp-Hke  crustacean,  and  a  zoophyte. 

The  beds  above  described  are  sometimes  called  Cambrian^  but, 
as  already  explained,  it  is  difficult  to  separate  them  with  propriety 
from  the  Silurian  series. 

605.  The  Potsdam  sandstone  of  the  North  American  geologists, 
ranging  into  the  western  states  of  Wisconsin,  Iowa,  and  Minnesota, 
consists  of  pebble  beds,  giits  and  sandstones,  containing  lAngula 
and  the  other  fossils  of  this  most  ancient  period.  In  Bohemia,  a 
larger,  but  similar  group  of  fossils,  characterises  a  series  of  argil- 
laceous schists,  reposing  on  other  schists  and  conglomerates,  in 
which  no  fossils  have  yet  been  found.  In  France,  to  the  north  of 
Angers,  and  in  Brittany,  a  long  series,  beginning  with  felspathic 
grits  with  manganese  (arkose),  succeeded  by  siHceous  Hmestone, 
slightlv  magnesian,  clay-slate,  dolomite  and  conglomerates,  and 
including  the  remarkable  *  glossy  schists  of  Brittany,*  underlie 
fossiUferous  rocks,  which  have  been  identified  with  the  Llandeilo 
flags  and  Bala  limestone  of  Wales,  and  which  therefore  represent 
the  lowest  fossiHferous  rocks  of  the  British  Islands.  In  Spain  the 
Sierra  Morena  near  Almaden  consists  of  schists  and  dark  lime- 
stones, with  sandstones,  probably  of  the  same  age.  In  Sweden 
the  arkose  immediately  overlying  granite,  and  still  horizontal  in 
position,  is  evidently  derived  from  granite,  and  forms  a  sandstone 
and  millstone  grit.  This  is  succeeded  in  ascending  order  by  a 
fucoid  sandstone,  and  then  by  an  alum  schist,  botn  the  latter 
rocks  containing  organic  remains,  which  have  been  long  recog- 
nized as  among  the  oldest  forms  of  existence.  These  ancient  rocks 
pass  out  of  sight  towards  Bussia,  becoming  covered  up  with  newer 
deposits.    The  lowest  part  of  the  series  is,  however,  seen  in  Gter- 
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mahjy  overlying  the  granitic,  gneissose  and  other  cmtalline  rocks 
between  Saxony  and  Austria,  towards  the  Pichtel-Gtebirge  of  Ba- 
varia. Lastly,  there  appear  to  be  beds  of  this  period,  though  un- 
fossiLiferous,  m  the  flanks  of  the  Cheviot  hills  in  Scotland. 

606.  The  newer  portion  of  the  Lower  Silurian  series,  as  recog- 
nized by  Sir  £.  Murchison  in  the  Silurian  region,  consists  of  a 
series  of  hard,  dark-coloured,  sandj,  or  gritty  beds,  readily  split- 
ting into  flagstones,  which  are  largely  developed  near  the  town  of 
LlaiideiLo  in  Caermarthenshire,  and  are  thence  called  Llandeilb 
jlagB.  These  beds  are  slightly  micaceous,  and  frequently  so  cal- 
careous as  to  contain  true  limestones.  The  Flynlimmon  and  Bala 
rocks  of  North  Wales  belong  to  this  part  of  the  series. 

Qraptolitea  (an  extinct  genus  of  zoophytes,  see  flg.  164)  are 
abundant  in  these  rocks ;  and  they  also  contain  numerous  corals, 
and  peculiar  crinoidal  forms  called  Oyatidecd,  several  species  of  Orthis 
and  other  brachiopods,  and  several  Gmlobites.  A  rock,  called  by  Sir 
E.  Murchison  *  volcanic  grit,'  and  by  the  Government  surveyors 
'  volcanic  ash,*  has  been  found  intercalated  with  the  beds  of  this 
deposit.  Another  peculiar  rock,  with  sulphate  of  alumina,  and  oc- 
casionally anthracite,  occurs  in  Dumfriesshire,  N.B.,  and  is  loaded 
with  the  remains  of  GraptoUtes,  which  have  been  regarded  as  suffi- 
ciently abimdant  to  have  supplied  the  carbon  for  the  anthracite. 
These  zoophytes  are  representatives  of  the  JPennatula,  and  allied 
forms  at  present  found.  They  are  extremely  abundant  in  Scandi- 
navia. The  Wrae  limestone  of  Peeblesshire  has  been  identified  with 
this  part  of  the  series  by  other  fossils. 

The  Llandeilo  flags  are  not  only  comparatively  rich  in  fossils, 
but  in  parts  of  Shropshire,  near  the  village  of  Shelve,  they  con- 
tain lead  veins  of  some  importance,  and  similar  rocks  (schists 
and  grauwacke)  contain  both  lead  and  gold  at  Lead  HOls  in 
Scotland. 

On  the  Continent  we  find  representative  rocks,  with  similar 
fossils,  in  certain  conglomerates  overlaid  by  bluish  schist  at  Angers 
(Ardaises  de  Parermes)  in  France,  in  the  black  shivery  schists  of 
the  Sierra  Morena  in  Spain,  in  schists  and  quartzites  in  Bohemia, 
and  in  a  large  series  of  limestones,  overlaid  by  the  Vtica  slates  in 
the  State  of  New  York,  North  America.  These  latter  beds  con- 
tain Orthoceratites,  sometimes  of  gigantic  size,  and  numerous  other 
fossils  of  extreme  interest.  All  the  beds  in  all  parts  of  the  world 
contain  Trilobites,  and  these  are  often  highly  characteristic. 

607.  The  Garadoc  sandstone,  originally  regarded  by  Sir  R.  Mur- 
chison as  the  uppermost  of  two  subdivisions  of  his  Lower  Silurian 
series,  is  now  found  to  consist  of  two  parts,  the  lower  and  larger 
member  passing  into  the  Llandeilo  fiags,  and  forming  a  passage 
bed  into  overlying  deposits,  which  are  often  unconformable,  and 
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a.  Graptolites  foliaeeuB. 


b.  G.  ludaisis. 


which  belong  immistakeably  to  the  Upper  Silurian  deposits. 
Masses  of  sand,  often  of  great  thickness,  loimd  in  the  Malvern 
and  Abberley  hills,  and  the  Berwyn  Mountains  in  North  Wales, 
the  Coniston  grits  of  Westmoreland  and  elsewhere,  are  of  this 
period;  and  the  remarkable  Ampelite  schists  oi  Brittany,  contain- 
ing Graptolites,  as  well  as  the  graptolite  schists  of  DalecarHa  and 
Sweden,  and  the  Ungulite  schists  near  St.  Petersburg,  are  also 
contemporaneous*.  The  American  representatives  consist  of  a 
^oup  of  sandstones  and  conglomerates,  between  the  Niagara 
group  and  the  Hudson  river  group  of  the  New  York  State  Survey. 
The  Pentamerus  (figs.  166, 167),  a  remarkable  fossil  genus  of 
bivalve  shells,  the  Obolua  or  TInguUte,  species  of  OraptoUtes,  of 

_,    ,^^  which    the  an- 

^-  ^^-  nexed  cut  (fig. 

164)  wiQ  give 
an  idea,  and  se- 
veral Tnlobites, 
are  the  most 
common  and 
characteristic 
fossils  of  this 
part  of  the  se- 
ries. The  genus 

OrthiSy  although  not  confined  to  Lower  Silurian  rocks,  is  so  much 
more  abundant  there,  as  to  be  abnost  characteristic,  and  Idngida,  as 
abeady  stated,  gives  its  name  to  an  important  deposit. 

Several  univalve  shells  (cephalopodous  and  others)  are  incredibly 
abundant  in  certain  localities,  and  the  remains  of  marine  worms 
are  not  unfrequently  found  amongst  the  sands  and  grits.  No  less 
than  nine  genera  of  Trilobites  are  exclusively  confined  to  this 
division,  and  several  corals  are  peculiar  to  it. 

608.  In  addition  to  the  localities  already  xeferred  to  as  con- 
taining Lower  Silurian  rocks,  it  may  be  useful  to  know  that  they 
have  been  found  in  Cornwall  sparingly ;  in  the  Isle  of  Man,  Cum- 
berland and  the  Lake  district,  and  in  Scotland,  in  important  depo- 
sits ;  in  Ireland  abundantly ;  in  Eastern  Europe,  South  Africa, 
Central  and  Eastern  Asia,  South  America,  and  AuBtralia.  They 
are  usually  shales  and  schists,  or  gritstones,  more  or  less  fine,  but 
include  numerous  Umestone  bands  and  lenticular  masses.  Al- 
though traces  of  fishes'  remains  have  not  yet  been  found  iq  them, 
we  are  not  therefore  bound  to  conclude  that  no  such  animals  Hved; 

*  The  Norwegian  rocks  resemble  the  lower  strata  of  the  English  Silurian  series  in  mineral 
character  and  fossils.  At  Christiania  there  is  a  gproup  consisting  of  dark  shale,  slate  and  day, 
with  calcareous  bands  and  gritstones  overlying  them,  and  passing  upwards  into  strata  of  lime- 
stone, which  abound  in  corals,  and  of  sandstone,  shale,  and  conglomerate.  The  whole  series  con- 
tains fossils  identical  with  those  found  in  the  Caradoc  sandstone  and  the  Llandeilo  flags. 
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as  it  was  the  opinion  of  one  of  the  most  profound  naturalists  of 
modem  times  (Prof.  E.Forbes),  that  the  deposits  on  the  whole 
were  formed  in  deep  water,  under  circumstances  little  favourable 
to  the  preservation  of  the  remains  of  vertebrata.  It  has  been 
estimated  that  a  total  thickness  of  not  less  than  50,000  feet  of 
sedimentarv  strata  has  been  deposited  in  the  typical  district  of 
Siluria,  and  is  referrible  to  the  lower  division  of  the  series. 

Having  now  arrived  at  the  close  of  the  Older  palaeozoic  period, 
let  us  look  back  upon  the  collective  extent  of  these  deposits,  con- 
sidering them  in  the  order  of  their  formation. 

609.  Commencing  with  the  crystalline  and  altered  slates  of 
Cumberland,  North  Wales,  Scotland  and  Ireland,  it  may  be  ob- 
served that  the  proportion  of  argillaceous  matter  and  quartz  is 
much  greater,  ana  the  mixture  with  calcareous  rocks  less,  than  in 
strata  of  more  recent  date.  Although  of  a  thickness  amounting 
to  many  thousand  feet,  the  sedimentary  deposits  forming  the  base 
of  the  Silurian  system  are,  almost  without  exception,  composed  of 
clay,  pebbles  or  boulders,  and  siliceous  sand ;  while  the  frequent 
presence  of  mica  seems  to  indicate  a  preponderance  of  granitic 
rocks  amongst  those  to  whose  degradation  and  disintegration  this 
long  series  of  crystalline  slates,  mica-schists,  micaceous  sandstones, 
conglomerates,  imperfect  and  highly-altered  limestones,  and  quartz 
rock,  must  be  owing. 

The  unvaried  character  of  these  beds  over  large  tracts  of  coun- 
try, and  the  general  resemblance  among  the  oldest  sedimentary 
deposits,  have  been  looked  upon  as  a  strong  argument  in  favour  of 
the  uniformity  of  the  materials  of  which  the  original  framework  of 
the  solid  surface  of  the  globe  was  composed.  No  such  appearance 
of  uniformity  is  seen  in  the  igneous  and  altered  rocks  of  more 
tnodem  date,  nor  in  the  metamorphic  rocks  of  the  Alps  or  other 
mountain  districts,  which,  indeed,  show  no  indications  that  can 
assist  us  in  determining  the  conditions  under  which  the  formation 
of  strata,  resembling  the  sub-Silurian  rocks,  would  be  possible.  It 
is  the  opinion  of  TProf.  Sedgwick  (whose  familiar  acquaintance 
with  all  the  geological  phsenomena  of  the  lake  district,  combined 
with  his  profound  knowledge  of  crystalline  and  altered  rocks, 
render  him  well  qualified  to  offer  an  opinion),  that  the  abundance 
of  igneous  rocks  associated  with  slates  of  mechanical  origin  in 
Cumberland  and  "Westmoreland,  and  the  manner  in  which  they 
alternate,  can  only  be  explained  by  assuming  that  outbursts  of 
molten  rock  were  repeated,  from  time  to  time,  from  beneath  the 
bottom  of  the  sea,  during  the  whole  period  of  the  formation  of 
many  thousand  feet  of  strata.  Such  a  succession  of  volcanic  erup- 
tions, and  to  such  an  extent,  woidd  seem  to  be  totally  unparal- 
leled during  the  deposit  of  the  secondary  strata  of  our  Isles ;  nor 
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is  anything  of  the  kind  observable  in  rocks  of  still  more  recent 
date.  It  may,  however,  appear  on  further  consideration,  that  the 
chemical  condition  of  these  rocks  would  be  better  explaiQed  by 
some  hypothesis  of  metamorphic  action,  and  it  is  not  impossible 
that  if  such  circumstances  prevailed  during  more  recent  periods, 
they  may  have  produced  their  effect  in  districts  which  have  since 
been,  and  still  remain,  covered  with  water. 

At  the  same  time,  and  while  disturbing  action  was  going  on  in 
some  places,  other  parts  of  the  ancient  seas  appear  to  have  been 
subject  to  quiet  uninterrupted  deposits  ;  but  the  general  character 
of  the  beds  deposited  was  the  same ;  and  even  in  the  rocks  which 
form  the  base  of  the  Silurian  system^  where  the  micaceous  and 
sandy  flags  contain  a  few  calcareous  bands  and  a  moderate  pro- 
portion of  carbonate  of  Hme,  we  can  often  recognize  the  materials 
of  decomposed  granite,  originally  formed  into  beds  of  gneiss  and 
mica  schist,  and  then  employed  in  the  composition  of  quartzose 
and  micaceous  rocks,  now  sedimentary  and  fossiliferous. 

610.  On  the  whole,  the  history  of  the  Older  Silurian  period 
may  be  regarded  as  one  of  agitation  and  change,  and  apparently 
of  rapid  deposit ;  and  if,  in  these  strata,  we  do  not  see  the  actual 
rocks  first  formed  by  the  action  of  water  upon  the  earth,  we  are  at 
least  introduced  to  a  knowledge  of  formations  more  uniform  in 
their  character,  more  extensive  in  the  area  over  which  they  are 
deposited,  and  of  a  thickness  enormously  greater,  than  is  the  case 
with  the  other  and  newer  FaUeozoic  formations ;  and  the  contrast 
is  still  more  striking  when  we  bring  them  into  comparison  with 
any  groups  of  strata  formed  during  the  Later  secondary,  or  the 
Tertiary  period. 

Upper  Silurian  Series. 

611.  The  Caradoc  sandstone,  as  originally  observed  by  Sir 
E.  Murchison,  is  covered  (often  unconformably)  with  other  rocks 
of  the  same  kind,  loaded  with  fossils  extremely  different  in  specific 
character.  These  are  now  referred  to  the  upper  Silurian  series, 
although  with  the  fossils  they  contain  are  associated  many  Lower 
Silurian  species.  It  appears  convenient  to  regard  these  deposits 
as  forming  the  base  of  the  Wenlock  shale,  which  is  the  name  given 
to  the  lower  part  of  the  lower  division  of  this  series. 

612.  The  Wenlock  shale,  sometimes  called  the  Ihidley  shale, 
consists  of  a  great  development  of  dirty-looking  argillaceous  beds, 
rarely  micaceous,  and  containing,  here  and  there,  a  few  lumps  of 
impure  argillaceous  limestone.  The  colour  of  these  beds  varies 
from  a  pale  grey  to  dark  grey  or  black.  Calcareous  concretions 
are  met  with  occasionally,  both  in  the  lower  and  upper  portions, 
and  the  laminse  of  deposit  are  not  unfrequently  indicated  oy  large 
spheroidal  lumps ;  but  the  central  beds  are  soft,  incoherent,  and 
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eaflUy  washed  away,  an  instance  of  which  b  seen  along  the  escarp* 
ment  of  Wenlock  Edge,  where  the  deep  vaUeya,  between  that 
ridge  and  the  Caradoo  hille,  indicate  the  extent  of  denudation 
that  has  taken  place  in  this  part  of  the  series.  This  is,  on  the 
whole,  the  most  persistent,  uid  it  is  by  &r  the  largest  member 
of  the  Wenlo*k  fonnation,  while  the  hmestone  presently  to  he 
described  can  only  be  regarded  as  accidental  and  local.  The  foa- 
sila  include  corals  and  Trilobites,  and  one  species  of  Graptohte 
(G.  ludefttis,6B.  164,  p.  S20). 

618.  The  Wenhek  or  Dudley  Umettme  Kg.  165. 

is  admirably  exhibited  in  the  rock  on  which 
Dudley  Castle  is  placed,  and  also  in  the 
beautiful  escarpment  of  Wenlock  Edge. 
The  remarkable  physical  features  of  this 
bed  of  limestone,  and  the  abundance  of 
fossils,  of  which  the  annexed  diagram  (fig- 
165)  represents  a  common  species,  are  wdl 
known  and  highly  characteristic.  Another 
characteriatic  fossil  crustacean  {AtapKua 
{I'hacopt)  caudalwe)  will  be  found  repre- 
sented in  fig.  162, 

The  Wenlock  limestone  rests  conform- 
ably on  the  Wenlock  shale,  and  is  made        citempo™  B«b»poLiJe., 
up  chiefly  of  concretions  of  argillaceous  iwchwnco™!. 

limestone,  extremely  fossiliferous,  separated  &om  one  another  by 
beds  of  shale.  The  concretions  are  massive,  and  valuable  for  lime- 
burning,  the  best  of  them  being  qu&nded  to  a  considerable  extent. 
They  are  of  irregular  thickness  and  magnitude,  and  are  surrounded 
and  enclosed  by  beds  of  impure  clay  and  shale ;  the  clay  entering 
into  the  innumerable  interstices  and  crevices  of  the  limestone,  and 
giving  it  a  singular  mottled  appearance. 

614.  Occasionally,  however,  beds  of  argillaceous  limestone  alter- 
nate with  ahsle ;  and  at  Wenlock  £dge,  and  elsewhere,  the  whole 
series  is  both  overlaid  and  underlaid  by  a  number  of  small  con- 
cretionary nodules  of  grey  limestone,  running  in  layers,  and  held 
together  by  shale,  with  which  the  nodules  sometimes  unite,  and 
form  irregular  and  thin  beds  of  lenticular  limestone. 

Nodules,  common  in  the  Wenlock  limestone,  are  found  also  in 
other  parts  of  the  formation,  and  are  osu^y  crystalline,  and  &11 
of  corals  and  encrinites ;  the  whole  group  of  the  Wenlock  seri^, 
indeed,  m^  be  said  to  consist  of  niuneroua  concretionary  masses, 
separated  from  each  other  by  a  vast  predominance  of  argiUaceous 
matter. 

616.  The  next  rock  in  order  of  date — the  Ludlow  ihal»—Tesem- 
bles,  in  colour,  appeanmee,  and  want  of  cohesion,  the  middle  shales 


of  the  Wenlock  ^up,  and  oceure  in  valleya  between  the  "Wenlbck 
and  Aymeatry  luneetone.  The  steep  escarpments  of  Beveral  hilla 
west  of  Ludlow  expose  the  outcrop  of  the  strata ;  and  their  junc- 
tion with  the  underlying  Wenlock  limeatone  is  marked  by  a  series 
of  Mable  Btone-bands,  containing  corals  and  spheroidal  concretions 
of  clayey  limestone,  alternating  with  beds  ot  clay.*  The  concre- 
tionary character  of  the  lower  part  of  the  series  is  very  remarkable ; 
and  the  concretions  are  almost  rnvmably  formed  upon  some  organic 
bo^  as  a  centre. 

The  main  portion  of  the  Lower  Ludlow  formatioD  is  composed 
of  dirty  shaLes,  locally  called  mwd*t07tes ;  but  these  shales  change 
towariu  the  upper  part,  and  become  slightly  calcareous.  They  are 
then  succeeded  by  sandy  flagstones,  also  contuning  calcareous 
matter,  and  are  separated  by  courses  of  soapy  clay  (sometimes  used 
an  fullers'  earth)  mim  the  overMng  beds  of  limestone. 

616.  The  Aymettry  or  Ludlow  Ivmettone  differs  considerably 
from  the  Wenlock  limestone,  both  in  its  general  appearance,  and 
in  its  having  a  leas  concretionary  structure.  It  is  sub-crystalline 
and  highly  fossiliferous,  and  is  nilly  developed  near  the  village  of 
Aymestry,  in  beds  from  one  to  five  feet  thick,  which  are  of  an 
indigo  or  bluish-grey  colour,  mottled  with  white,  and  contain  nu- 
merous layers  of  shmi  and  corals. 

This  intermediate  calcareous  band  is  frequently  absent  in  locali- 
ties where  the  other  portions  of  the  Lutilow  formation  appear ; 
but,  when  present,  it  may  usually  be  identified  as  well  by  its  litho- 
logtcal  peciDiarities  as  by  a  remarkable  fossil  (PentwnenuSnightii) 
(%s.  166, 167)  characteristic  of  it. 


[Both  tbItci  luuUd.]       PenUmenu  Knighlii. 


The  lower  beds  of  the  Upper  Ludlow  formation  sometimes  pass 
by  a  series  of  gradual  changes  from  the  Aymestry  limeatone,  Mid 
may  sometimes  be  grouped  with  it.  These  lower  beds  are,  how- 
ever, more  frequently  argillaceous,  and  well  entitled  to  the  name 
of  mudttone,  irtiich  is  often  applied  to  them,  ae  well  as  to  the 
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Xower  Ludlow  shales.  It  is  usually  only  the  transition  beds  from 
the  underlying  limestone  that  are  ealcarepus ;  and  these  are  also 
remarkable  for  being  loaded  with  the  shells  of  a  species  of  Bra- 
chiopoda  {Terehratula  (Athyris)  na/vicula),  which  is  exceedingly 
common  wherever  this  rock  makes  its  appearance* 

617.  The  central  mass  of  the  Upper  Ludlow  formation  is  made 
up  of  strata  containing  more  calcareous  matter  than  the  lower 
shales ;  and  this  imperfect  limestone,  being  mixed  with  an  argil- 
laceous paste,  forms  a  tolerably  durable  building-stone.  The  best 
stone  quarried  for  such  purposs  occurs  in  beds  not  exceeding  eight 
inches  in  thickness ;  and  its  surface  is  frequently  marked  by  uur 
dulating  ridges  and  furrows  supposed  to  be  due  to  the  rippling 
action  of  the  waves,  when  the  bed  formed  the  surface-bottom  of 
the  sea,  and  the  sediment  was  stiU  soft.  Markings  resembling 
those  which  would  be  made  by  the  passage  of  the  smaller  marine 
animals  over  sand  and  mud,  are  also  common  on  these  furrowed 
€urfa<^s. 

618.  The  upper  beds  of  the  Upper  Ludlow  rocks,  which  come 
next  in  order,  consist  chiefly  of  yellowish  sandstojies  of  very  fine 
grain,  and  sHghtly  micaceous,  wmch  succeed  the  calcareous  strata 
just  described,  with  the  intervention  of  a  greyish-coloured  stone. 
Near  Downton  Castle  there  is  a  bed  of  greenish-grey  argillaceous 
sandstone,  resting  on  these  sandy  and  flaggy  beds,  and  almost  made 
up  of  the  remains  of  ^coids  and  the  columns  of  some  soft  zoophyte, 
which  is  overlaid  by  another  fossiliferous  bed,  seldom  exceeding  a 
few  inches  in  thickness,  and  occasionally  dwindHng  to  a  quarter  of 
an  inch.  This  singular  stratum  is  a  matted  mass  of  the  scales, 
defensive  fins,  jaws,  teeth,  and  coprolites  of  fishes,  united  together, 
with  a  few  small  shells,  by  a  cement  in  which  variable  proportions 
of  carbonate  of  Hme,  iron,  phosphate  of  Ume,  and  bitumen  are  dis- 
seminated. Above  this,  again,  a  succession  of  micaceous  sandstones 
passes  insensibly  into  the  lower  beds  of  the  Old  red  sandstone. 

619..  The  Tllestone  has  usually  been  described  as  the  lowest 
member  of  the  Old  red  sandstone  series,  but  is  now  regarded  as 
Silurian,  and  possesses  very  marked  characters  both  in  structure 
and  fossil  contents.  It  is  clearly  defined,  occupying  the  loftiest 
parts  of  the  escarpments  of  a  wild  mountain  range,  attaining  an 
elevation  of  1500  to  1600  feet,  and  running  from  Llangadock,  in 
Caermarthenshire,  in  a  north-easterly  direction  through  Breck- 
nockshire, to  BuHth  on  the  borders  of  Badnorshire. 

Throughout  this  range  tilestones  are  extensively  quarried,  and 
consist  of  hard  finely-laminated  micaceous  and  quartzose  sandstones 
of  a  greenish  colour,  usually  associated  with  reddish-coloured  shales, 
which  decompose  into  a  red  soil.  In  this  part  of  the  system  orga- 
nic remains  are  abundant  in  particular  localities,  and  often  indicate 
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the  lines  of  deposit,  when  transverse  cleavage  and  the  faces  of 
joints  would  otherwise  render  the  bedding  difficult  to  be  distin* 
guished.  These  fossils  agree  generally  with  those  of  the  underly- 
ing rocks. 

620.  In  Westmoreland  and  the  lake  district,  the  upper  part  of 
the  Silurian  system  consists  of  a  noble  series  of  sandy  flagstones, 
with  imperfect  slaty  bands,  based  on  calcareous  slates  and  the 
limestone  of  Coniston  Water-Head.  The  slaty  bands  are  some* 
times  calcareous,  but  do  not  contain  limestone  nt  for  use ;  and  the 
series  terminates  with  red  fossiliferous  strata,  the  fossils  occurring 
in  concretions  of  limestone.  The  Silurian  group  in  this  district, 
although  repeated  by  several  undulations,  is  of  great  thickness, 
and  contains  several  fossils  peculiar  to  it,  but  the  greatest  portion 
are  of  known  Upper  Silurian  types.  The  Ireleth  slates  have  been 
identified  with  the  Wenlock  senes,  and  the  overlying  slates,  grits, 
and  flags  of  the  Winandermere  series  with  the  Lower  Ludlow. 
There  is  then  a  hard  sandy  flagstone  representing  the  Upper  Lud- 
low and  true  tUestones  on  the  banks  of  the  Lune  and  near  Kendal. 

621.  The  beds  of  the  Upper  Silurian  system,  from  the  Lower 
Wenlock  to  the  Upper  Ludlow  shales,  present,  amidst  all  the  dis- 
turbances by  which  they  have  been  affected,  an  appearance  of 
having  been  deposited  in  seas  more  tranquil  on  the  whole  than 
those  of  the  earlier  period ;  and  they  exhibit  a^distinct  Uthological 
character,  in  which  the  presence  of  a  considerable  quantity  of  car- 
bonate of  lime  is  a  peculiarity,  not  more  strikingly  seen  in  the 
Silurian  strata  of  England  than  in  the  contemporaneous  rocks  of 
Sweden  and  Norway,  of  Eussia,  and  also  of  North  America.  The 
coralline  limestones  of  this  period  offer  sufficient  proof  that  a 
change  had  taken  place,  although  the  conditions  which  governed 
the  duration  of  species  upon  the  globe  had  not  yet  been  brought 
into  action- so  completely  as  to  efface  the  marks  of  the  precedmg 
and  earliest  period. 

On  the  whole  it  appears,  that  certain  common  Hthological  cha- 
racters pervade  most  of  the  strata  of  the  Upper  Silurian  formations 
in  England ;  but  that,  while  the  subdivisions  established  by  Sir 
B.  Murchison  are  persistent  throughout  a  large  tract  of  Shropshire, 
Eadnorshire,  and  Herefordshire,  their  Uthological  details,  as  might 
indeed  have  been  anticipated,  do  not  apply  to  other  and  distant 
parts  of  the  country.  In  the  Silurian  district  the  total  thickness 
of  the  two  formations  (the  Wenlock  and  Ludlow)  has  been  esti- 
mated at  6000  feet,  and  the  beds  exhibit  every  appearance  of  slow 
deposition  in  the  finely  laminated  shales  and  micaceous  fossUiferous 
sandstones  which  abound  in  them. 

622.  Upper  Silurian  rocks  are  developed  very  widely  upon  the 
earth.     They  have  been  found  in  Scandinavia  and  Eussia,  in  Bohe- 
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mia  and  various  parts  of  Germany  and  Belgium,  in  France,  Spain, 
Portugal,  Turkey,  various  parts  of  Eastern  Asia,  South  Africa,  and 
Australia.  They  are  admirably  exhibited  in  the  northern  part  of 
North  America,  and  recur  in  the  Falkland  Islands.  Thev  have  also 
been  proved  to  exist  on  the  shores  of  the  Arctic  sea.  liverywhere 
the  general  character  of  the  rock  is  remarkably  similar. 

Devonian,  or  Old  red  sandstone  series, 

623.  The  various  rocks  called  by  English  geologists  ^'  Devonian  *' 
or  "Old  red  sandstone,"  are  widely  distnbuted  in  the  British 
Islands  and  throughout  Europe,  and  are  characterized  by  distinct 
groups  of  fossils.  The  name  Old  red  sandstone  is  derived  from 
the  mineral  peculiarities  of  the  beds  in  Herefordshire  and  Scotland, 
and  Devonian  from  the  schists  of  Devonshire  found  to  be  contem- 
poraneous. 

The  following  are  some  of  the  principal  subdivisions  of  the 
group : — 

OLD  BED  SANDSTONE  SERIES. 

HSBE»)BD8HIBB.  SCOTLAND. 

r  Quaartcose  yellow  sandstone. 
Old  red  conglomerate    ,....<  Lmpure  limestone. 

\_  Gl-ritty  red  sandstone. 
Comstone    Gfrey  fissile  sandstone. 

(Bed  and  variegated  sandstones. 
Great  conglomerate. 
DEVONIAN  SERIES. 

BEVOKSHIBE.  BHEKISH  PBOVINCBS. 

Calcareous  grits  and  impure  limestones.   T  Wissenbach   slates    and    Spirifer 
Bed  flagstones.  \     sandstone. 

Calcareous  slates  and  Plymoutii  lime*    Caloeola  slates, 
stones.  Stringooephalus,orEi£el  limestone. 

Clymenia  and  goniatite  limestones, 
with  schists. 

624.  The  Old  red  sandstone  of  England  and  Wales  consists  of 
various  strata  of  limestone,  marl,  and  sandstone,  alternating;  with 
great  thicknesses  of  conglomerate,  which  often  pass  upwards  into 
overlying  sandstones.  The  series  ranges  over  a  considerable  breadth 
of  country,  rising  into  lofty  moimtains,  occupying  extensive  plains, 
and  occasionally  exhibiting  an  enormous  thickness. 

625.  In  North  Wales,  although  the  Old  red  sandstone  retains 
its  General  character,  it  is  inferior  in  thickness  and  importance  to 
its  development  in  Herefordshire  and  South  Wales.  It  increases 
as  we  advance  further  northwards  into  Westmoreland  and  Cum- 
berland, where  it  appears  as  an  irregular  conglomerate.     In  this 
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part  of  England  its  largest  development  is  near  the  foot  of  Ulls- 
water,  and  it  rises  into  a  succession  of  roimd*topped  hills  several 
hundred  feet  high,  the  beds  being  of  great  thickness.  No  true 
passage  is  there  discernible  into  the  overlving  limestones. 

626.  The  comstonea  consist  of  a  number  of  argillaceous  marly 
beds,  sometimes  alternating  with  sandstone  and  sometimes  with 
impure  limestone,  affording,  by  decomposition,  the  soil  of  the  rich- 
est tracts  of  Herefordshire  and  Monmouthshire.  The  lower  part 
of  this  series  very  often  contains  flaggy  beds  of  a  greenish  colour, 
and  highly  micaceous,  which  are  usiSlly  more  or  less  intermixed 
with  parti-coloured  marls,  or  sofb  argillaceous  sandstones,  not  so 
compact  as  the  rock  which  encloses  them.  The  surface  of  the 
sandstone  is  frequently  worn  into  irregular  holes  and  patches. 
The  subdivisions  of  the  sandstones  are  too  entirely  local  to  allow 
of  any  general  lithological  character  being  given,  but  the  impure 
concretionary  limestone,  which  is  more  especially  denominated 
comstone,  appears  at  intervals  in  lenticular  masses  through- 
out the  whole  district,  contracting  and  expanding  in  the  most 
capricious  mamier:  sometimes  replaced  by  finer  and  more  crystal- 
line limestone,  and  sometimes  alternating  with  hard  flaggy  sand- 
stones. Nearly  the  whole  of  the  central  and  northern  parts  of 
Herefordshire  and  the  contiguous  parts  of  Shropshire  and  Wor- 
cestershire, are  occupied  by  this  formation.  In  the  northern  por- 
tion of  the  range,  and  near  the  mouth  of  the  Towey,  in  Caermar- 
thenshire,  the  limestones  are  most  folly  developed,  becoming  much 
thicker,  and  also  more  crystalline,  than  in  other  parts. 

627.  The  highest  beds  of  the  series,  the  Old  red  conglomerates, 
by  no  means  always  consist  of  conglomerates,  being  more  frequently 
composed  of  beds  of  sandstone,  hard  and  finely  grained,  alternating 
with  mottled  marls.  The  lower  portion  capping  the  escarpment 
of  the  comstone  in  Herefordshire,  furnishes  tnick  beds  of  valuable 
building  material,  and  is  occasionally  quarried  for  tiles.  The 
upper  beds  are,  for  the  most  part,  less  compact,  and  commencing 
as  a  fine  conglomerate  they  afterwards  become  coarser,  and  alter- 
nate with  bands  of  red  and  green  argillaceous  marl. 

The  loftiest  points  occupied  by  this  deposit  are  the  Vans  of 
Caermarthen  and  Brecon,  the  former  2590,  and  the  latter  2500 
feet  above  the  level  of  the  sea.  These  hills  are  made  up  of  a  con- 
glomerate composed  of  white  quartz  pebbles  imbedded  in  a  red 
matrix ;  and  it  is  this  qua/rtzose  conglomerate  which  gives  its  name 
to  the  uppermost  group  of  the  formation. 

628.  In  Scotland  the  base  of  the  whole  system  consists  of  an  ex- 
tensive and  thick  conglomerate  rising  into  a  lofty  mountain-chain 
in  the  county  of  Cait^ess,  and  attaining  an  elevation  of  3500  feet 
in  the  hill  called  Morrheim.     Between  this  and  the  middle  beds 
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there  intervenes  a  great  thickness  of  arenaceous  strata,  containing 
conglomerates. 

The  middle  group  of  the  Old  red  sandstone  of  Scotland, 
corresponding  to  the  comstone  of  England,  is  developed  in  Eor- 
farshire,  in  Morayshire,  and  in  the  grey  sandstone  of  Balruddery, 
where  the  lower  beds  are  absent.  It  consists,  for  the  most  part, 
of  rocks  of  a  bluish  grey  colour,  sometimes,  as  at  Baboiddery, 
resembling  the  Silurian  mudstones,  at  others  forming  a  hard  fissile 
flagstone  exported  as  a  paving-stone,  and  occasionally  appearing 
in  beds  of  friable  stratified  clay,  easily  washed  away  by  the  sea. 
The  colour  throughout  is  grey,  and  in  this  respect  there  is  a 
marked  difierence  from  the  English  contemporaneous  beds,  which 
are  chiefly  red  and  green  marls. 

The  uppermost  Scotch  beds  are  highly  arenaceous,  and  often 
consist  01  sandstone  conglomerates.  There  is  an  intermediate 
calcareous  band,  barren  of  fossils  and  of  somewhat  singular  com^ 
position,  yielding  unequally  to  the  weather,  and  exhibiting  a 
brecciated  aspect.  It  contains  masses  of  chert  exceedinfi:ly  hard% 
apparently  of  contemporaneous  origin.  The  bed  is  sevend  yards 
in  thickness,  and  is  very  persistent,  being  found  both  in  Moray 
and  in  Eife,  localities  120  miles  apart. 

629.  The  JDevonicm  beds,  technically  so  called,  present  a  series 
so  distinct  that  no  relations  of  mineral  or  mechanical  condition 
can  be  traced  between  them  and  the  Old  red  sandstones.  The 
lower  beds  are  found  amongst  the  calcareous  slates  of  Cornwall 
and  South  Devon.  These  calcareous  slates  are  occasional^  fossiU- 
ferous,  and  are  based  upon  an  impure  limestone.  The  Plymouth 
limestone  in  the  south,  and  a  group  of  coarse  arenaceous  beds  in 
the  north  of  Devon,  together  with  the  general  series  of  Cornish 
rocks,  are  all  included  among  these  calcareous  slates.  Through** 
out  the  whole  series  fossils  occur,  but  they  are  very  unequally 
distributed,  being  locally  abundant,  although,  owing  to  the  meta- 
morphic  character  of  many  of  the  beds,  they  are  sometimes  much 
altered,  and  frequently  obliterated.  The  upper  beds  consist  of  coarse 
red  flags  and  slates,  sometimes  alternating  with  or  overlaid  by  other 
slates  and  limestones,  occasionally  passing  into  calcareous  grits. 

630.  The  development  of  the  Old  red  sandstone  and  the  con- 
temporaneous beds  in  Ireland  is  peculiarly  interesting.  In  the 
south  of  Ireland,  as  in  the  south  of  Scotland,  the  sequence  is 
perfect  from  the  upper  beds  of  the  Silurian  system  into  the  lower 
beds  of  an  extensive  series  of  coarse  conglomerates,  which  there 
represent  the  Old  red  sandstone,  and  these  pass  upwards  through 
the  numerous  gradations  of  the  same  formation  in  Herefordshire, 
until  they  are  at  length  replaced  by  roofing-slates,  resembling 
those  at  the  top  of  the  Devonian  series  of  Devonshire. 
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631.  On  the  continent  of  Europe,  Lower  Devonian  beds  are 
found  in  France,  the  limestones  of  Xa  Sarthe  and  Nehou  in  Nor- 
mandy being  of  this  period,  and  corresponding  with  the  lower 
greywacke  of  the  S*hine  and  the  limestones  of  the  Eifel.  In  Brit- 
tany, and  in  the  Bas  Boulonnais,  the  Upper  Devonian  rocks  are 
well  exhibited,  and  are  highlv  fossiliferous.  Some  of  the  Fyren- 
nean  altered  limestoifes  are  also  Devonian,  and  so  also  are  deposits 
in  Lower  Silurian  depressions  in  the  Sierra  Morena  in  Spain. 

632.  The  banks  of  the  Bhine  and  the  adjacent  country  are  rich  in 
Devonian  rocks.  Overlying  the  Ardennes  slates  (whicn  may  be  re-* 
guarded  either  as  Silurian  or  as  a  passage-series)  are  slaty  schists, 
impure  limestones,  and  quartzose  rocks,  of  which  the  Wissenb€ich 
slates,  with  niunerous  fossils,  are  representatives.  The  Cattb  slates 
are  of  the  same  age.  Above  these  beds  are  other  schists,  sand- 
stones, and  limestones ;  on  the  right  bank  of  the  Bhine,  the 
Caleeola  slate  appears,  with  the  great  central  calcareous  mass  of 
the  Eifel  limestone,  also  called  the  Stringocephalus  limestone,  above 
and  amongst  it. 

This  highly  fossiliferous  deposit,  abounding  with  shells,  corals, 
and  encrinites,  is  covered  up  by  limestones  and  shales,  in  which 
Glymenia  and  Goniatite  (remarkable  cephalopodous  genera)  are 
extremely  abundant. 

683.  The  Devonian,  or  Old  red  sandstone  formations  of  Bussia, 
occupy  a  tract  nearly  as  large  as  the  whole  of  the  British  Islands, 
and  rest  conformably  upon  low  plateaux  of  Silurian  rocks,  attain- 
iQg  heights  of  from  500  to  900  feet  above  the  sea-level. 

In  different  parts  of  the  large  tract  of  country  occupied  by  forma- 
tions of  this  geological  period,  there  occur  varieties  of  mineral 
composition  and  lithological  character  quite  as  great  as  those 
already  described  in  speaking  of  the  contemporaneous  rocks  in 
our  own  country  and  Q-ermany ;  and  the  fossils  consist  of  nearly 
all  those  which  are  most  characteristic  of  the  different  beds  in 
each,  together  with  a  few  species  not  met  with  in  Western 
Europe. 

On  the  flanks  of  the  Ural  chain,  the  Devonian  rocks,  overlying 
Pentamerus  limestones,  appear  in  the  form  of  Umestones  and 
schistose  beds  with  grits,  the  limestones  resembling,  in  their  dark 
colour  and  sub-crystalline  aspect,  those  of  South  Devon,  and  the 
whole  group  quite  as  dissimilar  from  that  occurring  in  the  flat 
regions  of  Bussia,  as  are  the  rocks  of  the  same  age  in  the  south- 
west of  England  from  the  conglomerates  and  tilestones  of  the  Old 
red  sandstone. 

In  the  heart  of  Bussia,  again,  there  exists  a  great  dome-like 
elevation,  which  rises  to  the  height  of  about  800  feet  above  the 
level  of  the  sea,  and  is  composed  of  strata  loaded  with  fossils 
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cliaraGteriatic  of  the  Deronian  system.  But  these  strata  toe  very 
unlike  any  other  known  Seroman  beds  in  their  lithological  cha- 
racter, being  composed  of  yellow  and  white  marletonea  and  lime- 
etones,  the  latter  often  mugnesiait. 

634.  It  is  interesting  to  find  that  the  Devoniui  system,  which 
occupies  BO  important  a  place  in  European  Geology,  ia  repeated 
on  the  contineut  of  America,  with  nearly  the  same  lithological 
characters,  and  the  same  speciea  of  organic  remains.  In  the 
Western  States  of  North  America,  towards  the  Alleghani^,  a 
group  of  about  150  feet  of  strata  has  been  described,  strikingly 
resembling  the  lower  part  of  the  Old  red  sandstone  of  Scotknd, 
and  containing  similar  species  of  fossil  fish.  Tbeae  rocks,  the 
CatsHU  Group  of  American  geologists,  thicken  out  towards  the 
Fig.  168. 


X1g.l69. 


Flgi.  IS9,  i<«-  i)nlng««pluliu  BnrtinL 
„    170.  H^alodon  GUmUuiu, 
„    171.  ClfmeniJL  Unwii. 

east,  preserving  their  lithological  peculiaritieB,  and  attaining  a 
thickness  of  1000  or  1500  feet  in  the  neighbourhood  of  Kew 
York,  where  they  pass  insensibly  into  the  carboniferous  strata. 
In  other  parts  of  I^orth  America,  as,  for  instance,  in  Canada,  it 
is  almost  certain  that  contemporaueous  -beds  exist. 

Devonian  beds  occur  also  in  South  America,  in  the  Bolivian 
Andes,  and  in  the  Falkland  Islands,  while  other  portions  have 
been  detected  in  Australia,  and  probably  occupy  a  part  of  several 
of  the  islands  of  the  Southern  hemisphere. 

635.  The  slates  and  schists  of  the  Devonian  period  in  Devon- 
sbire  and  Cornwall  are  not  unfrequently  traversed  by  systems  of 
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Tcina  containing  metalliferoua  orea  of  varioua  kinds.  Dykes  of 
crystalline  rock  also  are  met  with,  proving  that  many  important 
disturbances  connected  with  the  protrusion  of  crystalline  rock 
must  be  regarded  aa  more  modem  than  the  period  of  the  accumu- 
lation of  these  strata.  The  metala  most  abundant  in  Devonian 
rocks  in  the  British  Islands  are  copper  and  tin  in  the  east  and 
west  veiiiB,  and  lead,  zinc,  and  silver  ia  those  transverse  to  this 
principal  direction. 

636.  The  fossils  of  the  Old  red  sandstone  are  extremely  inter- 
esting.    They  include  in  Ireland,  in  the  upper  beds,  fragments 
of  vegetation  like  those  found  in  the  more  modem  strata  of  the 
coal-measures,  and  in  Scotland,  re- 
mains of  wood.     Corals  are  very  nu-  Rg-  IW. 
merous  in  the  limestones,  both  in  De- 
vonshire and  on  the  Continent,  and  of 
these,  the  Jbtyplexwt,  already  figured 
(fig.  187),  and  XkvoHtee  are  charac- 
teristic.    Encrinites  are  not  less  re- 
markable.    The  bivalves  include  nu- 
merous   brachiopods,    among    which 
the  Strin^oc^hahu  (figs.  168,  169), 
the  Caleeola  (fig.  172),  and   a  spe- 
cies of  Spirifer  {Atrypa  reticuUmti'), 
are    eminently    characteristic  ;     and              c«IcmU  tudidiia- 
also  some  lamellibranchiata,  of  which  Me^alodon  (figs.  151, 170)  is 
easily  distinguished*.     Several  univalves  {Macrocheilut,  Mwchi- 
aonia,  and  others),  some  cephalopods  (Clymenia  (fig.  171),  Cyr- 
toeertu,  Qyrocerag,  &c.),    and    pteropods    (Conularia),  are   ^o 
important. 

Some  remarkable  forms  of  Trilobites  {Bronte»  aniSomalmtolm) 
are  also  peculiar  to  the  period ;  and  there  are  fragments  of  a  huge 
crustacean  {Pterygotwi),  found  in  the  Arbroath  paving-stones. 
These  fossils  are  called  by  the  quarrymen  '  Seraphim.' 

But  it  is  chiefly  the  fishes  that  render  the  fossils  of  the  Old 
red  sandstone  interesting.  These  include  some  of  very  singular 
form  {Cephala^pU,  Pterichthyi),  and  one  at  least  of  gigantic 
dimensions  (AgterolepU),  all  clothed  with  strong  bony  plates,  and 
the  latter  exhibiting  a  reptilian  character  in  the  teeth.  Other 
fish  also,  covered  with  bony  and  enamelled  scales,  were  of  more 
ordinary  proportions.  In  the  uppermost  beds  of  the  Old  red 
sandstone,  near  Elgin,  the  nearly  complete  skeleton  of  a  reptile 
{Telerpeton)  was  found  in  1851,  and  &om  the  same  quarry  foot- 
prints of  a  quadruped,  probably  a  tortoise,  have  been  obtained. 

.    ■  3m  ante,  if.  IBI,  shm  ilu  e 
leatedr.ud  Sg-  ll^i  when  u  end  Ti 
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The  reptile  presents  Lacertian  combined  with  Batra^hian  cha- 
racters.    It  was  probably  about  6  inches  in  extreme  length. 

Lower  Ca/rhoniferous  series, 

637«  The  deposits  associated  under  the  general  name  of  Car^ 
honiferous  system,  include  some  of  the  most  important  accumula- 
tions of  mineral  wealth  met  with  in  the  earth's  crust,  and  they 
require,  therefore,  careful  and  somewhat  detailed  notice.  There 
are  two  principal  divisions,  the  Upper  and  Lower,  the  latter 
including  the  Carboniferous  limestone  and  Millstone  grit  of  English 
geologists,  and  the  former  the  Coal-measures. 

As  developed  ia  England,  the  Carboniferous  system  consists  of 
an  extended  series  of  highly  fossiliferous  limestones,  alternating 
with  sandstones  and  shales,  the  latter  frequently  contaiaiiig  a 
large  number  of  the  remains  of  vegetables,  which  in  some  cases 
are  so  abundant  as  to  form  valuable  seams  of  coal.  The  relative 
position  of  the  different  rocks  with  respect  to  the  coal  is  not 
constant.  The  presence  of  carbon  is  the  characteristic  feature 
both  in  the  upper  and  lower  divisions ;  and  throughout  the  whole 
series  there  occur  at  intervals  bands  of  carbonaceous  matter  only 
occasionally  of  importance  as  coal,  but  sufficiently  indicative  of 
the  vicinity  of  land  clothed  with  vegetation. 
'  638.  The  Carboniferous  or  Mountain  limestone  forms  in  England 
the  true  base  of  the  series,  but  it  is  by  no  means  always  present. 
It  may  be  regarded  partly  as  a  coral  reef,  and  partly  as  a  mass  of 
drifted  calcareous  mud,  almost  made  up  of  corals,  encrinites,  shells, 
and  remains  of  fishes.  The  limestone  is  much  metamorphosed, 
and  is  frequently  semi-crystalline,  Sometimes  bands  wof  impure 
coal  occur,  which  in  other  countries  are  of  greater  value  and  ex- 
tent than  with  us.  In  the  South-western  extremity  of  England, 
imperfect  coal-measures,  called  culm,  replace  the  carboniferous 
limestone,  and  this  is  the  case  also  in  Eussia,  and  perhaps  else- 
where. In  Ireland,  a  peculiar  sandy  deposit  commences  the 
series. 

639.  The  Carboniferous  system,  as  exhibited  in  Yorkshire  and 
Derbyshire,  consists  of  a  magnificent  development  of  mountain 
limestone,  to  whose  presence  the  picturesque  scenery  of  those 
counties  is  due,  the  umestone  being  pa<rtly  overlaid  on  the  east, 
west,  and  north,  by  the  millstone  grit.  The  lower  part  of  the 
miUstone  grit,  however,  is  sometimes  represented  by  a  series  of 
laminated  and  often  bituminous  shales,  wnich  rest  immediately  on 
the  limestone  and  contain  some  bands  of  ironstone,  and  a  few 
thin  black  limestones ;  while  the  upper  part  consists  of  several 
hundred  feet  of  pebbly  grits  and  other  sandstones  altematiiig  with 
thin  bad  coal,  ^ 
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640.  Further  north,  and  in  the  north-western  part  of  York- 
shire, the  mountain  limestone  becomes  a  still  more  unportant  and 
prominent  member  of  the  Carboniferous  series,  and  is  capable  of 
local  subdiyision,  forming  two  groups,  whose  total  thickness  is 
about  1800  feet.  Of  these  two,  the  lower,  the  Sear  limestone,  pre- 
sents bold  bluff  precipices,  and  is  pierced  in  many  places  by  large 
natural  caverns ;  and  Doth  here  and  in  the  upper  strata  (the  Tore- 
dale  rochi),  the  limestone  is  remarkably  different  &om  the  con- 
temporaneous beds  in  the  south,  containing  thin  seams  of  coal, 
sometimes  worked,  and  divided  into  several  beds  by  partitions  of 
grit  and  shale.  The  Toredale  rocks  thus  contain  at  least  five 
distinct  beds  of  limestone,  alternating  with  freestones,  flagstones, 
<&c.,  and  attaining  a  thickness  of  as  much  as  a  thousand  feet. 

€^41.  The  culmiferom  aeries  of  Devonshire  occupies  a  great 
trough,  the  axis  of  which  ranges  east  and  west,  ana  extendi  for 
about  fifty  miles,  with  a  breadth  of  between  thirty  and  forty 
nules.  Crossing  the  edge  of  this  trough,  we  find  a  black  lime- 
stone, overlaid  by  siliceous  flagstones ;  and  these  are  followed  by 
sandstones  and  carbonaceous  and  calcareous  shales,  which  gra- 
dually become  harder,  and  pass  into  sUiceous  bands  of  a  dark 
colour,  with  earthy  carbonaceous  partings,  surmounted  by  a  re- 
gular thick-bedded  sandstone,  resembUi^  the  gritstones  of  the 
coal-measures. 

642.  The  upper  culm-measures  of  Devonshire  are  composed  of 
sandstones  and  indurated  shales  (the  latter  containing  the  culm), 
and  are  of  great  thickness,  the  beds  being  perpetually  mterrupted, 
and  repeated  over  again  by  faxdts,  besides  presenting  an  incre- 
dible number  of  anticlinal  and  synclinal  lines,  all  of  them  ranging 
east  and  west,  parallel  to  the  stnke  of  the  beds.  The  sandstones 
of  this  group  are  generally  close-grained,  and  of  a  grey  or  greenish- 
grey  colour,  passing  occasionally  into  flagstone  and  laminated 
arenaceous  shale,  with  fine  ripple-marks  at  the  partings.  The 
shales  vaiy  in  appearance  from  sandy  beds  to  soft  slaty  clays,  not 
to  be  distmguished  from  the  common  coal  shales ;  and  amongst 
these  latter  are  occasionally  found  dark  carbonaceous  bands,  con- 
taiiiing  obscure  vegetable  markings,  discolom^ed  by  pyrites. 

643.  In  Ireland  the  mountain  Hmestone  occupies  an  important 
place,  and  consists  of  two  great  bands  of  limestone,  with  a  con- 
siderable thickness  of  shale,  argillaceous  limestone  and  sandstone 
interposed,  which  are  known  by  the  name  of  ealp  or  calp  slate. 
It  is  chiefly,  however,  in  the  northern  and  middle  districts  that 
the  calp  is  found,  and  it  gradually  thins  out  towards  the  south. 
Beneath  the  lower  limestone  another  series  of  schistose  beds  (the 
carboniferous  slate)  occurs,  and  this  rests  on  sandstone  beds, 
oftei^  alternating  with  shale,  and  occasionally  with  limestone. 
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The  carboniferous  slate  of  the  south  of  Ireland  differs  in  litho- 
logical  character  from  that  of  the  middle  and  northern  regions, 
but,  from  the  evidence  of  fossils,  the  two  must  be  looked  on  as 
contemporaneous. 

644.  In  the  "Western  part  of  Europe,  the  lower  Carboniferous 
beds  are  developed  much  in  the  same  way  as  in  England;  the 
lower  beds  in  Westphalia  passing  into  calcareous  shales,  con- 
taining fossil  remains  of  the  carboniferous  type.  These  are 
assiuned  as  the  base  of  the  Carboniferous  system.  They  are 
immediately  succeeded  by  a  group  of  black  imperfect  limestones 
and  siliceous  schists  {KieseUschiefer  of  the  G-ermans),  consider- 
ably expanded  and  traceable  for  some  distance,  which  are  re- 
garded as  the  equivalents  of  the  English  mountain  limestone,  the 
underlyiQg  beds  representing  the  shales  occasionally  met  with  in 
England  when  the  sequence  to  the  older  rocks  is  complete.  In 
these  carbonaceous  schists  a  pecidiar  flat,  oval  and  corrugated  shell 
{Fosidtmomya  JBeehert)  is  highly  characteristic. 

645.  The  black  limestone  is  extremely  carbonaceous,  ar&filla- 
ceous,  and  fetid,  and  it  corresponda  so  L^lj  in  nun;ral  cha- 
racter  with  the  culm  limestone  of  Devonshire,  that  the  description 
of  the  one  rock  might  almost  serve  for  the  other,  not  n^erely  as 
regards  its  general  appearance  and  lithological  character,  but  also 
because  the  organic  remains, — the  Q-oniatites  and  Posidoniae, — 
with  which  the  rocks  iq  Devonshire  are  loaded,  are  in  Westphalia 
also  by  far  the  most  abundant  fossils  of  the  deposit*  On  the 
continent,  however,  the  culm  limestone  passes  upwards  into 
another  limestone  of  a  lighter  colour,  and  this  bed  contains  all 
the  most  characteristic  fossils  of  the  true  English  mountain  lime- 
stone. 

646.  Advancing  still  further  eastwards,  we  find  in  Eussia  that 
the  lower  carboniferous  beds  consist  of  incoherent  sandstone, 
alternating  with  a  bituminous  shale,  which  sometimes  contains 
thin  bands  of  impure  coal  and  impressions  of  plants ;  the  whole 
being  surmounted  by  various  beds  of  limestone,  which  form  the 
central  group  of  the  Carboniferous  system.  Of  these  beds,  the 
lowest  is  usually  of  a  dark  colour,  as  in  other  parts  of  Europe ; 
but  the  middle,  and  most  extensive,  differs  entirely  from  any  con- 
temporaneous rock,  being  of  a  milk-white  colour,  resembling 
chalk,  and  loaded  with  flints.  It  is  also  of  considerable  thickness, 
and  extremely  fossiUferous,  and  alternates  with  beds  of  compact 
yellow  magnesian  limestone,  and  bands  of  red  or  greenish  shale 
or  marl,  while  associated  with  it  there  are  splendid  masses  of 
white  gypsum  and  thin  bands  of  limestone  interstratifled.  The 
third,  or  upper  division  of  the  series,  is  scarcely  less  remarkable 
than  the  central,  being  almost  entirely  made  up  of  myriads  of 
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fossil  bodies  (called  Fusulind),  resembling  grains  of  wheat,  and 
forming  a  limestone  which  is  of  considerable  thickness,  and  ap* 
pears  in  the  lofty  cliffs  which  occupy  the  banks  of  the  Volga,  and 
also  in  the  coal  region  between  the  rivers  Dnieper  and  Don. 

647.  In  Northern  Bussia,  and  in  the  upper  beds  of  the  Volga, 
the  central  limestone  of  the  Carboniferous  system  is  totally  devoid 
of  coal,  which  is  found  in  shales  and  sandstones,  interstratified 
with  thin  courses  of  limestone  in  the  lower  part  of  the  series,  and 
in  this  respect  exhibits  a  resemblance  to  the  lower  beds  of  the 
mountain  limestone  in  Yorkshire.  In  the  south  of  Hussia,  on 
the  other  hand,  the  central  beds  of  the  Carboniferous  system  are 
occasionally  productive  of  good  bituminous  as  weU  as  anthracitic 
coal,  offering,  in  some  points,  very  striking  analogies  in  mineral 
condition  to  the  great  South  "Welsh  basin.  The  northern  beds 
are  nearly  horizontal,  but  the  coal-field  in  the  south  appears  to 
have  been  disturbed,  and  to  have  been  broken  up  by  faults. 

648.  North  America  presents  some  interestmg  facts  with  re-> 
spect  to  the  rocks  now  under  consideration.  The  Carboniferous 
series  of  Pennsylvania  is  based  upon  massive  sandstones,  conglo- 
merates, and  snales,  overlying  a  bed  of  fossiliferous  limestone. 
Besting  upon  this  group,  which  is  of  great  and  uniform  thickness, 
there  is  a  deposit  of  red  shale,  which  varies  in  thickness  from 
3000  to  less  than  100  feet,  and  is  supposed  to  thin  out  and 
disappear  to  the  south-west ;  and  this  is  partly  overlaid  and  partly 
replaced  by  a  hard  coarse  conglomerate,  very  thin  towards  the 
north-west,  but  rapidly  swelling  out,  and  becoming  from  800  to 
1200  feet  thick  towards  the  south-east.  None  of  these  formations 
contain  profitable  coal,  although  the  remains  of  plants  are  found 
in  them,  and  a  few  seams  about  a  foot  thick  occur  in  the  red 
shales.  The  coal-measures  themselves  form  the  uppermost  part  of 
the  series,  and  consist  of  micaceous  sandstones,  arenaceous,  argil- 
laceous, and  carbonaceous  shales,  and  valuable  beds  of  limestone. 

649.  Further  to  the  north  the  Carboniferous  series  manifests 
similar  peculiarities  of  structure.  Thus,  in  Nova  Scotia,  and  else- 
where in  Canada,  the  lower  beds  consist  of  carboniferous  lime- 
stone ;  but  at  Cs^e  Breton  the  millstone  grit  appears  to  terminate 
the  sequence.  The  coal-measures  here  succeed  in  regular  order, 
and  are  rich  in  coal,  but  in  Newfoundland,  which  presents  not  less 
than  5000  square  miles  of  country  occupied  by  contemporaneous 
beds,  no  coal  has  yet  been  found.  On  the  west  side  of  the  AUe- 
ghanies,  in  the  states  of  Virginia  and  Tennessee,  and  stiU  further 
west  in  the  states  of  Kentucky,  Indiana,  Iowa,  Illinois,  and  Missouri, 
the  base  of  the  carboniferous  series  overlying  altered  schists  presents 
a  large  development  of  limestone,  greatly  resembling  the  rocks  of 
the  same  period  in  England.    Over  these  appear  the  coal-measures. 
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650.  The  fossils  of  the  lower  part  of  the  Carboniferous  series 
include  a  few  remains  of  vegetables,  associated  sometimes  with 
Fig.  173.  Fig.  174.  Fig.  176. 


true  coal,  rarely,  however,  in  workable  beds.  Corals  are  not  only 
abundant,  but  the  cup-shaped  species  display  certain  peculiarities 
of  structure  by  which  they  may  be  distinguished  from  those  of 
newer  formations.  These  means,  however,  can  only  be  safely 
resorted  to  by  a  practised  naturaJist,  as  they  depend  on  the  ar- 
rangement of  the  plates  of  which  the  coral  is  made  up,  as  exhibited 
in  a  horizontal  section.  In  the  older  or  Paleozoic  cup-shaped 
corals,  these  plates,  which  are  alternately  more  or  less  projecting 
towards  the  centre,  are  in  sets  which  are  always  multiples  of  four, 
while  in  the  never  corals  of  this  kind  the  numbers  are  always 
multiples  of  sis. 

631.  The  Encrinites  of  the  mountain  limestone  are  generally 
sufficiently  distinct  from  the  older  species,  and  in  most  of  them 
the  cup  or  pelvis  is  lar^e  in  proportion  to  the  arms.  The  species 
figured  above  (fig.  173)  la,  however,  an  exception.  The  fragments 
of  stems  are  very  common  (see  fig.  138).  Sea-eggs  have  been 
found  not  unlike  modem  forms,  but  having  a  more  complicated 
structure.  A  few  species  of  ^oraminifera  are  present  in  some 
parts  of  the  mountam  limestone  in  incredible  abunduice,  and  of 
these  the  Fustdimi  is  characteristic  in  IBussia. 

Of  MoUusea,  the  Brachiopoda  comprise  by  fta  the  largest 
number  both  of  species  and  mdividuals.  l^ebratula  (fig.  142), 
Spirifer  (fig.  143),  and  Produetus  ane  genera  of  which  there  are 
many  characteristic  species.  There  are  several  bivalve  shells 
of  the  ordinary  kind,  and  some  univalves,  a  few  of  which  have 
coloured  bands  still  visible.  It  has  hence  been  concluded  by 
Prof.  E.  Forbes,  that  the  depth  of  the  sea  during  the  deposit  of 
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the  carboniferous  limeatone  did  not  exceed  50  ^thorns,  at  least 
where  the  fossils  occur.  The  existence  of  colour  in.  ahellB  appears 
to  depend  on  the  quantity  of  light  present  at  the  depths  at  which 
they  live.  The  Euompkalus  (fig.  156)  and  BelleropTum  are  re- 
markable and  characteriatic  imivalve  fossils  of  this  period,  the 
former  having  many  closed  chambers,  and  the  latter  being  without 
chambers,  like  the  Argonaut  or  Carinaria.  Many  ce^h^opodous 
shells  are  abundant,  Qtmiatitet  and  Ortfuiceratitet  being  the  most 
imporfcMit, 

652.  Bemains  of  upirards  of  Herenty  species  of  fishes  are  made 
known  from  the  lower  carboniferous  beds  of  the  British  Islands 
alone.  The  remains  are  partly  teeth  and  partly  fin  bones,  and 
many  of  the  fishes  resembled  the  shark  tribe  more  or  less  closely, 
belonging  to  that  division  at  present  represented  by  a  Port  Jackson 
species  ntth  strong  dorsal  spines. 

Upper  Carboniferous  gertet. 

653.  This  large  and  interesting  group  of  deposits,  remarkable 
for  containing  vegetable  matter  in  an  almost  crystalline  state,  fire- 
qnently  extracted  for  the  purpt^e  of  fiiel,  and  obtained  from  various 
parts,  demands  our  first  attention.  It  may  be  described  generally 
as  offering  a  repeated  succession  of  argillaceous  and  sandy  bands, 
usually  reposing  on  a  compact  conglomerate ;  of  the  former,  the 
argillaceous  beds  are  laminated  and  called  skaleg,  and  are  coloured 
vrith  iron  and  carbon.  The  sMids  are  often  called  gritstones;  the 
conglomerate  is  called  millstone  grit.  The  whole  series  alternates 
with  bands  of  coal  (nearly  pure  carbon)  varying  in  thickness  from 
a  fraction  of  an  inch  to  30  or  40  feet,  or  even  much  more.  Mid 
amounting  sometimes  in  number  to  much  more  than  100  in  the 
same  district.  The  extent  to  which  the  series  is  developed  varies 
much  in  difierent  districts,  but  in  3onth  Wales  has  been  calculated 
by  actual  sections  to  amount  to  12,000  feet,  the  sandstones  greatly 
pr^Kinderating,  while  in  Nova  Scotia  there  are  nearly  15,000  feet 
of  deposits,  apparently  of  the  SMne  date. 
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655.  The  uppermost  part  of  the  Goal-measwres  ffenerally  consists 
of  gritstones,  <bd  does  not  afford  any  large  proportion  i  carbon- 
Qceous  matter,  so  that  where  the  development  oi  the  series  is  most 
complete,  there  are  some  2000  or  3000  feet  of  the  whole  series 
chiefly  arenaceous  and  quite  unproductive  of  coal.  These  are 
sometimes  called  "upper  coal  grits,"  and  are  often  rather  barren 
of  fossils.  The  middle  and  lower  parts  of  the  series  abound  in 
remains  of  plants,  and  almost  every  coal  band  reposes  on  a  clay 
(called  fireclay)  containing  a  vast  multitude  of  the  rootlets  (Stiff- 
maria)  of  a  tree  {Siffillaria),  of  which  some  mention  is  elsewhere 
made  (§§  576,  688). 

656.  The  coal-fields  of  GFreat  Britain  are  aflected  by  many  ex- 
tensive and  complicated  faults.  The  way  in  which  these  influence 
the  value  of  the  beds  may  be  partly  understood  by  reference  to  the 
annexed  diagram  (fig.  l76),  where  a  bed  of  coal  is  represented  as 

Fig.  176. 


FaulU  in  coal-measures. 

having  been  frequently  removed  in  position,  in  consequence  of 
which  it  can  be  worked  at  moderate  depth  over  a  distance  of 
country  which  would  otherwise  have  carried  the  deposit  far  below 
the  surface  at  the  rate  of  inclination  observed.  Besides  this  use, 
faults  are  ofben  very  important  in  damming  back  water.  On  the 
other  hand,  they  are  frequently  the  cause  of  great  injury  in  coal- 
mining districts. 

The  existence  of  faults,  and  this  repetition  of  the  beds  in  con- 
sequence, is  by  no  means  universal  in  coal-measures,  as  in  the 
largest  known  coal-districts  of  America  the  beds  are  nearly  hori- 
zontal, and  are  rarely  broken. 

657.  The  coal-measures  occupy  definite  and  limited  areas  of 
somewhat  considerable  extent  in  various  parts  of  Europe,  Asia, 
Africa,  North  America,  and  Australia,  and  in  many  of  the  islands 
adjacent.  True  coal  has  not  yet  been  met  with  in  South  America. 
We  may  regard  the  following  as  a  rough  approximation  of  the 
coal-areas  in  the  chief  countries  mentioned. 


Coal-area  in      Propn.  to 

Countries.  square  nules.  wfaole  area. 

Britiflh  Islands  ...  12,000        1—10 

France    2,000        1—100 

Belgium 520        1—22 

Spain 4,000        1—52 


Coal-area  in  Propn.  to  ' 

Countries.  square  miles,  whole  area. 

Prussia  1,200  1—90 

Bohemia 1,000  1—20 

U.S.  of  America    113,000  1—20 

Brit.  N.  America    18,000  2—9 

Q2 


840 


DESCBTPTITE  GEOLOGY. 


658.   TABLE  or  THE  PBIKCIPAL  COAL-riELDS  OF  THE  BBITISH 

ISLANDS. 


Name  of  District. 


1.  Northumberland  and  Durham. 
Newcastle  coal-field  

2.  Cumherlatidf     Westm<)reland, 

and  West  Midinff  of  Yorkshire, 

Whitehaven  and  Akerton 

Appleby  (3  basins) 

Sebergham  (Cumberland) 

Kirkby  Lonsdale  

3.  Lancashire^    Flintshire,     and 

North  Staffordshire. 

Lancashire  coal-field 

FUntshire  

Pottery,  North  Staffordshire. . . 
Cheadle  ditto 

4.  Yorkshire^     NoiMnghamshire, 

and  Derbyshire. 

Q-reat  Yorkshire  coal-field 

Darley  Moor,  Derbyshire   . . .  \ 
Shirley  Moor,      ditto J 

5.  Shropshire  a/nd  Worcestershire. 
Colebrook  Dale,  Shropshire... 

Shrewsbury,  ditto 

Brown  Clee-hill,      ditto 

Titterstone  Clee-hill,  ditto 

Lickey-hill, Worcestershire  ... 
Bewdley  ditto 

6.  South  Staffordshire. 
Dudley  and  Wolverhampton. . . 

7.  WarwicJcshi/re  a/nd  lAcester- 

shire. 

Nuneaton  

Ashby-de-la-Zouch    

8.  Somersetshire  and  Gloucester- 

shire. 

Bristol    

Forest  of  Dean  

Newent  (Gloucestershire) 

9.  South  Wales 

10.  Scotia^. 

Clyde  vaUey ■\ 

Lanarkshire  | 

South    of    Scotland,    several  r 
small  areas    ) 


■S  '  a 


600,000 


80,000 
17,000 

? 

2,500 


380,000 

120,000 

40,000 

10,000 


660,000 
1,600 

21,000 

16,000 

1,300 

6,000 

650 

45,000 

65,000 


40,000 
40,000 


130,000 

36,000 

1,600 

600,000 


1,000,000 


o  a 

^1 


18 


1 

4 


76 

5 

24 


12 


17 
3 
3 

? 
? 

11 


9 
5 


60 

17 

4 

30 


84 


hA 

111' 


80 


3 

17 


160 
39 
38 


32 


40 


? 


67 


30 
33 


90 

37 

16 

100 


200? 


i.2 

La 


8 

3 
9 


10 

9 

10 


10 


? 
40 


16 
21 


7 
9 


13 


®  a  S 

»  H  • 

9>  Qt  at    . 

fl  «  B  *£ 


2,000 


6,000 
200 


1,000 


12,000 


6,000 
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Name  of  BiBtxict, 


Scotland  (continued). 

Mid-Lothian 

East-Lothian 

Kilmarnock "^ 

Ayrshire  j 

Fueshire 

Dumfries  coal-region 

Irelafut. 

Ulster 

Connaught 

Leinster  (EJlkenny) 

Munster  (several) 


11. 


«t  n  V 


? 
? 

? 

? 
45,000 

500,000 

200,000 

150,000 

1,000,000 


•si 

U   V 

I 


24 
60 


? 
10 

9 

8 


d4 

180 

40 

? 
55 

40? 

23 


I. 
II 

.S.S 


13 

30 

21 
6 

6 


4400 
6000 


659.  It  is  necessary  to  remark  that  the  total  number  of  workable  seams  in 
each  district  is  by  no  means  clearly  determined  in  all  cases,  and  that  many  more 
local  names  of  seams  are  frequency  giyen  than  there  are  distinct  beds.  The 
appearance  of  the  same  seam  in  the  same  district  varies  often  very  greatly,  and 
the  thickness  of  strata  between  known  beds  is  sometimes  very  different  within 
a  short  distance.  The  total  number  also  of  workable  beds  in  a  district  is  very 
rarely  obtained  in  the  same  colliery ;  and  thus  the  object  in  the  above  table, 
which  has  been  rather  to  give  a  good  general  idea  than  a  perfectly  accurate 
account  of  particular  cases,  must  be  kept  in  view  by  the  reader  in  makiag  any 
practical  use  of  the  information  afforded.  We  have  not  space  to  allude  to 
more  than  a  few  of  the  chief  of  these  areas,  and  the  peculuur  points  of  geo- 
logical interest  in  them  to  which  attention  is  especially  required  are  not  very 
numerous. 

660.  In  the  Newcastle  coal-Jield  the  coal-measures  repose  on 
millstone  grit,  and  are  covered  up  by  magnesian  limestone.  They 
consist  chiefly  of  sands,  called  post,  often  of  very  great  thickness, 
and  far  exceeding  in  magnitude  and  extent  the  various  beds  of 
shale.  The  sandstone  is  especially  abundant  near  the  upper  part 
of  the  series.  The  ordinary  qualities  of  coal  are  of  the  kind  espied 
cahing,  from  the  peculiar  mode  in  which  they  form  into  a  compact 
mass  while  burning.  These  kinds  make  the  most  valuable  coke. 
Cannel  coal  is  found  in  the  district  to  some  extent.  It  is  extremely 
valuable  for  making  gas,  but  is  not  a  good  coal  for  coke.  The 
quality  of  the  coal  varies  considerably,  but  the  following  accoimt 
of  three  principal  varieties  may  be  useful.  Much  of  the  Newcastle 
caking-coal  is  of  the  finest  quality  for  household  purposes.  An 
excellent  quality  of  steam-coal  is  also  obtained,  but  chiefly  from 
the  northern  pait  of  the  district.  No  anthracite  has  been  found 
in  this  coal-field. 
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661.  AKALTSES  OF  DIEEEBEirT  KINDS  OE  ITEWOASTLE  COAL. 


Density 

Carbon 

Hydrogen 

I^itrogen  and  Oxygen 

Ash   

Belatiye  heat  by  the  same  1 

weight  of  coal  J 

Belatiye  heat  by  the  same  1 

volume  of  coal J 


Splint-ooal. 


1-302 

74-961 

6-254 

4-873 

13-912 

110-34 
106-99 


Caking-coal, 
No.  1. 


1-274 
83-588 
5150 
8-743 
2-591 

114-98 
111-31 


CaJdng-coal, 
No.  8. 


Cherry-coal. 


1-280 
87-809 
5159 
5-139 
1-393 

122-56 
119-03 


1-266 
84*694 
5-054 
8-476 
3-576 

116-63 
112-07 


In  the  above  Table,  the  Splint-coal  is  a  coarse  variety  from  a  small  bed  of 
black  colour  and  considerable  hardness,  at  the  bottom  of  the  series.  The 
Gaking-coal,  No.  1,  is  one  of  the  best  coals  raised,  and  is  from  South  Hetton. 
It  is  resinous,  tender,  and  brilliant.  The  Caking-coal,  No.  2,  is  a  lower  seam 
from  Gkresfield,  of  brilliant  lustre,  highly  bituminous,  soft,  and  friable.  The 
Cherry-coal  is  a  thin,  soft,  friable  bed,  sunk  through  in  the  Jarrow  Colliery. 
The  analyses  are  by  Mr.  Blchardson,  and  are  taken  from  M.  Fiot's  '*  Memoire 
sur  TExploitation  des  Mines  de  Houille  aux  environs  de  Newcastle-sur-Tyne," 
p.  13. 

662.  It  is  estimated  that  the  mean  thickness  of  the  workable 
coal  over  the  whole  area  of  the  Newcastle  coal-field  is  about  12 
feet  or  4  yards,  and  as  the  weight  of  a  cubic  yard  of  coaJ  may  be 
estimated  at  nearly  a  ton,  it  thus  appears  that  there  have  been 
not  less  than  about  10,000,000,000  tons  of  mineral  fuel  present  in 
the  whole  field.  It  may  be  considered  that  about  15,000,000 
tons  are  at  present  removed  or  wasted  annually,  which  would  give 
a  probable  total  duration  of  about  700  years  from  the  com- 
mencement of  the  workings.  It  is  proper,  however,  to  deduct 
one-seventh  part  as  equivalent  to  the  consumption  up  to  the  pre- 
sent time,  and  thus  there  would  appear  to  remain  a  quantity 
which  would  admit  of  the  present  supply  being  obtained  for  600 
years,  or  thereabouts.  The  works  in  the  Newcastle  coal-field  are 
carried  on  to  a  very  great  depth,  one  mine  being  sunk  to  1488 
feet  from  the  surface,  and  another  at  Monkwearmouth  to  1794 
feet.     A  vast  quantity  of  water  often  issues  from  the  sinkings. 

663.  In  estimating  the  quantity  of  coal  in  a  given  district,  it  is  usual  and 
right  to  make  a  large  deduction  from  the  apparent  surface  area  to  allow  for 
accidents  of  denudation,  injury  from  fiiults,  and  also  for  that  part  of  the  coal 
thrown  out  of  workable  depth.  After  this  is  done,  and  the  average  acreage  of 
coal  obtained,  we  must  still  deduct  nearly  50  per  cent,  for  what  is  left  imder" 
ground  in  pillars  and  small  coal,  and  the  quantity  required  for  coUieiy  con- 
sumption or  wasted.  When  this  is  done,  the  quantity  in  tons  of  saleable  coal 
may  be  safely  estimated  as  equal  to  the  number  of  cube  yards.  The  average 
weight  of  good  WaUsend  coal  is  stated  at  78*945  lbs.  per  cubic  foot,  the  specific 
gravity  bemg  1*263.     This  would  give  2131^  lbs.  to  the  cube  yard. 
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664.  The  WTUtehaven  coalfield  is  separable  into  two  divisions, 
the  upper  part  containing  the  more  valaable  seams.  Some  of  the 
seams  are  worked  far  under  the  sea ;  and  one  extensive  mine  has 
been  destroyed  by  inundation.  The  coal  is  of  good  quality,  bums 
with  a  clear  flame,  and  ultimatelv  cakes.  The  number  of  seams 
is  considerable,  but  they  are  chiefly  very  thin. 

665.  Ths  Lomcashwe  coalfield  presents  a  very  extensive  de- 
velopment of  the  coal-measures,  of  which  three  divisions  have 
been  traced,  the  middle  containing  the  most  valuable  seams.  It 
has  been  calculated  that  the  total  quantity  of  coal  in  this  field 
amounts  to  8,500,000,000  tons.  Many  of  the  seams  are  ex- 
tremely  thin ;  but  the  quality  is  good.  The  Binkings  are  mode- 
rately  deep,  and  not  greatly  troubled  with  water. 

The  area  of  the  Lancashire  coal-field  is  very  irregular  in  form, 
measuring  about  fi%  nules  in  length  and  fifteen  in  extreme 
breadth,  reaching  from  Liverpool  in  a  north-east  direction  to 
Yorkshire,  and  thence  due  south,  past  Manchester  and  beyond 
Macclesfield.  Besides  this  area,  which  is  occupied  by  true  coal- 
measures,  the  lower  beds  of  miUstone-grit  yield  coal  to  a  con- 
siderable extent,  so  that  the  area  might  be  extended  to  include 
1000  square  miles  of  coal-bearing  strata. 

The  sections  of  this  region  are  unequal  as  regards  the  aggregate 
of  strata  and  of  coal-seams.  Li  one  direction  there  are  seventy- 
five  beds  of  coal,  each  more  than  one  foot  thick,  in  2000  yards 
of  strata,  having  an  aggregate  of  150  feet  of  coal.  Traversing 
another  direction,  a  second  section  shows  only  twentv-six  seams 
of  more  than  a  foot,  containing  93  feet  of  coal  *.  A  very  good 
cannel-coal  is  worked  at  Ince  Hall,  near  Wigan,  in  this  district. 

666.  In  the  upper  beds  occurs  a  limestone,  worked  at  Ardwick, 
near  Manchester,  and  containing  many  fossil  remains.  This  bed 
has  been  supposed  to  be  of  freshwater  origin.  Near  it,  in  geolo- 
gical position,  many  trunks  of  large  trees  are  seen  standing  upright 
on  the  coal-seams.  Such  facts,  and  the  frequent  occurrence  of 
stiff  clay,  forming  a  floor  on  which  the  coal  rests,  have  been  con- 
sidered to  prove  that  vegetable  matter  formerly  grew  upon  the  spot 
where  the  coal  is  now  found,  although  the  great  and  sudden  alter- 
ations in  the  thickness  of  the  seams  show  that  the  surface  was  ex- 
posed to  frequent  changes  of  level.  Some  very  considerable  faults 
are  known  in  the  coal-field,  the  principal  one  being  so  extensive 
as  to  remove  the  coal  1000  yards  from  its  former  level. 

667.  The  Yorkshire  coalfield  is  remarkable  for  the  great  variety 
of  coals  it  presents — some  being  very  valuable,  and  some  very 
poor.     A  large  quantity  is  worked  near  Sheffield,  Leeds,  Bradford, 

*  Taylor**  "Statistics  of  Coal,"  p.  204. 
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and  Halifax,  part  of  it  being  caimel-coat,  admirably  adapted  for 
gas,  houBehold  purposeB,  &c.,  and  some  pieces  hard  enough  to  be 
worth  manufacturing  into  toys  and  omamenta.  The  three  prin- 
cipal varieties  are  the  anthracitic,  Boft,  and  caouel  coals,  the  latter 
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smoke,  and  contains  so  little  bituminous  matter  as  not  to  be  at 
all  subject  to  spontaneous  combustion. 

673.  Almost  every  one  of  the  numerous  seams  of  coal  in  this 
district,  however  thin,  is  underlaid  by  a  seam  or  bed  of  fireclay 
containing  in  abundance  the  roots  of  Stigmaria  (fig.  181),  and 
many  of  the  merely  bituminous  seams  are  characterized  in  the 
same  way.  The  thickest  seam  of  coal  rests  on  about  three  feet  of 
underclay,  but  seams  not  an  inch  thick  sometimes  rest  upon  as 
much  as  five  feet  of  this  substance,  and  there  are  also  bands  of  it 
without  coal.  Argillaceous  shale,  sandy  shales,  and  sand-rock 
form  the  associated  beds,  and  there  seems  no  very  apparent  order 
of  succession.  With  these  are  a  number  of  seams  of  ironstone 
of  great  value,  producing  an  enormous  quantity  of  iron;  the 
seams  are  usually  thin,  their  total  thickness  not  generally  ex- 
ceeding seven  feet  in  a  single  shaft  sinking. 

674.  The  coal'Jield»  of  Scotland  are  estimated  to  equal  in  area 
those  of  the  whole  of  IVance,  and  they  occupy  one-eighteenth 
part  of  the  total  area  of  the  country  and  its  islands.  The  number 
of  detached  areas  is  very  large,  and  the  quantity  of  coal  worked 
considerable.  The  quality  of  the  coal  is  generally  dry  and  free- 
burning,  not  caking  like  the  best  coals  from  Newcastle,  and  infe- 
rior to  the  latter  in  the  quantity  of  heat  obtained  from  combustion. 
Many  Scotch  coals  also  yield  a  good  deal  of  white  ash,  and  they 
are  apt  to  contain  pyrites.  Fine  varieties  of  cannel  coal,  called  in 
Scotland  parrott,  are  abundant  in  some  localities ;  and  a  remark- 
able bed  of  bituminous  schist,  found  near  Edinburgh,  is  known  as 
the  Boghead  cannel,  and  is  much  used  in  the  manufacture  of  gas. 
Besides  the  coal,  some  of  the  richest  and  most  valuable  bands  of 
ironstone  found  in  the  British  Islands  are  obtained  from  the  coal- 
measures  of  Scotland,  chiefly  from  the  Basin  of  the  Clyde.  The 
associated  beds  include  a  large  quantity  of  sandstone,  and  a  pecu* 
Har  freshwater  limestone  worked  at  Burdie  House  near  Edin- 
burgh, besides  several  beds  of  encrinital  limestone.  The  former 
is  a  dull  earthy  rock  about  27  feet  thick,  of  bluish  or  blackish 
grey  colour,  and  often  slaty  texture.  It  contains  very  numerous 
remains  of  fishes,  one  of  which  (the  Megalichthys)  has  been  already 
described,  and  some  fossil  plants,  besides  numerous  microscopic 
crustaceans.  The  encrinite  limestone  worked  at  Gibnerton  and 
Crichton  Dean  contains  similar  fossils,  with  the  addition  of  nume- 
rous encrinital  fragments,  and  is  of  marine  origin.  The  remains 
of  fishes  are  also  found  in  this  deposit. 

675.  In  Ireland  there  are  seven  coal-districts, — one  in  Leinster, 
two  in  Munster,  three  in  Ulster,  and  one  in  Connaught ;  those 
north  of  Dublin  yielduig  bituminous,  and  those  south  only  anthra- 
citic  coal.     The  Leinster  deposit  contains  eight  workable  beds, 
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and  it  is  calculated  that  120,000  tons  per  annum  are  extracted 
from  it.  The  Tipperary  coal-field  extends  about  twenty  miles  in 
length  by  six  in  its  widest  part,  and  forms  a  range  of  hiJls  of  from 
800  to  600  feet  in  height,  the  coal  lying  in  deep  troughs,  The 
Munster  field  is  the  most  extensively  developed  of  all  the  Irish 
coal-districts,  and  occupies  considerable  portions  of  the  counties 
of  Clare,  Limerick,  Cork,  and  Kerry,  but  the  coal  Hes  in  troughs, 
as  in  the  Tipperary  district.     These  are  aU  anthracitic. 

676.  Of  the  bituminous  coal,  that  of  Tyrone  is  a  small  but  inter- 
esting field,  chiefly  remarkable  for  the  variety  of  rocks  found  in 
the  neighbourhood.  The  coal-strata  rest  on  the  Dungannon  lime- 
stone, and  consist  of  the  usual  sandstones  and  shales,  associated 
with  limestone,  ironstone,  and  fireclay.  The  coal  is  abundant  and 
easily  obtained,  22  to  32  feet  of  workable  coal  being  found  within 
a  depth  of  120  fathoms. 

At  the  northern  extremity  of  Antrim  is  a  small  coal-field  re- 
markable for  its  association  with  the  great  basaltic  mass  of  that 
district,  and  resting  immediately  on  mica-slate  without  inter- 
vening beds  either  of  Hmestone,  or  Middle,  or  Older  palaBozoic 
rocks.  In  some  places  a  range  of  columnar  basalt  70  feet  thick 
occurs  between  two  beds  of  coal,  which  is  there  anthracitic. 

The  coal-district  of  Connaught  has  also  been  worked  for  iron- 
stone. Its  greatest  length  is  about  sixteen  miles,  and  its  extreme 
breadth  nearly  as  great.  It  occupies  hiUs  having  flat  summits 
covered  with  bog,  presenting  a  straight  ridge  of  from  1000  to 
1200  feet  high.  The  ironstone  bands  are  found  associated  with 
thick  beds  of  clay-slate  (shale)  from  300  to  600  feet  thick,  and 
are  remarkably  rich. 

677.  From  the  coal-measures  of  the  British  Islands,  we  pass  on 
to  similar  deposits  on  the  Continent  of  Europe.  Of  these,  the 
Belgian  coal-field  is  the  most  worked. 

There  are  two  principal  divisions  of  the  Belgian  coal-area,  the 
one  extending  to  the  east,  and  known  as  the  Liege  coal-field,  and 
the  other  to  the  west,  forming  the  Hainault  division,  and  reach- 
ing into  France  at  Douay.  ^e  former  contains  about  100,000 
English  acres,  and  the  latter  upwards  of  220,000  acres,  and  in 
both  the  number  of  the  coal-seams  is  exceedingly  great,  although 
many  of  the  beds  are  very  thin,  and  much  more  disturbed  and 
displaced  than  is  the  case  with  the  contemporaneous  English 
deposits.  The  annexed  diagram  (fig.  177)  will  give  some  notion 
both  of  the  way  in  which  the  coal-seams  are  there  presented,  and 
the  apparent  multiplication  of  them  by  very  sharp  and  distinct 
doublings  of  the  strata.  There  are  said  to  be  no  less  than  150 
coal-seams  in  the  western  division  of  the  district.  The  thickness 
is  not  often  great,  and  the  position  renders  it  necessary  to  adapt 
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the  methods  of  mining  with  especial  reference  to  this.  The  qua- 
lity of  the  coal  is  veiy  varioiLS,  including  one  peculiar  kind,  the 
Flenu  eoalf  unKke  any  found  in  Qreat  Britain  except  at  Swansea. 

Kg.  177. 


Section  across  a  Belgian  coal-field. 


It  bums  rapidly  with  much  flame  and  smoke,  not  giving  out  an 
intense  heat,  and  having  a  somewhat  disagreeable  smell.  There 
are  nearhr  fifty  seams  of  this  coal  in  the  Mons  district. 

678.  ^ance  possesses  a  large  number  of  small  coal-fields,  which 
are  gradually  assuming  importance  as  the  internal  resources  of  the 
country  become  developed  by  means  of  railways.  The  northern 
field  is  now  in  full  work,  but  is  merely  a  continuation  of  the 
Belgian  deposits,  and  hardly  needs  separate  description.  In  the 
Aveyron  are  masses  of  coal  not  ranging  very  widely,  but  perhaps 
connected  with  each  other,  some  of  them  having  a  thickness  rarely 
met  with  in  other  districts.  There  is  m  the  Aubin  concession 
124  yards  of  solid  coal  in  eight  seams,  the  thickest  of  them  mea- 
suring 50  yards  at  its  outcrop. 

The  most  important  coaJ^fields  of  the  interior  of  Erance  at 
present  are  those  of  the  Basin  of  the  Loire ;  of  which  St.  Etienne 
IS  the  best  known  and  largest.  In  this  basin  are  eighteen  beds 
of  bituminous  coal,  and  in  the  immediate  neighbourhood  several 
smaller  basins  containing  anthracite.  Other  valuable  localities 
are  on  the  Moselle,  near  Saarebriick ;  in  Alsace ;  several  in  Bur- 
gundy, much  worked  by  very  deep  pits,  and  of  considerable  extent; 
some  in  Central  France,  with  coal  of  various  qualities ;  some  in 
Languedoc  and  Provence,  with  good  coal ;  and  others  at  Limosia. 
Besides  these,  are  many  others  of  smaller  dimensions  and  less 
extent,  whose  resources  have  not  yet  been  developed.  The  total 
area  of  coal  in  !France  has  not  been  ascertained,  but  is  probably 
not  less  than  2000  square  miles.  Most  of  the  coal-measures  of 
France  are  of  the  same  age  as  the  English  deposits,  but  they  re- 
pose on  granite  or  other  crystalline  or  metamorphic  rocks.  The 
associated  rocks  are  generally  sand  and  shales.  Some  remarkable 
cases  are  known  in  !^rance  of  the  enclosure  of  carboniferous  rocks 
in  clefbs  and  hollows  in  older  and  crystalline  rocks. 

679.  There  are  four  coal-districts  in  Germany  of  the  Car- 
boniferous period,  besides  several  others  where  tertiary  lignites 
occur.     The  pnncipal  localities  for  true  coal  are  on  the  banks 
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of  the  Ruhr,  a  tributary  of  the  Rhine,  entering  near  Dusseldorf ; 
on  the  Saare,  a  tributary  of  the  Moselle ;  in  Bohemia,  and  in 
8ilesia.  A  considerable  quantity  of  coal  is  also  worked  in 
Saxony.  Of  these  various  localities  Silesia  contains  very  valuable 
and  extensive  deposits  of  coal,  which  are  as  yet  but  little  worked. 
The  quality  is  chiefly  bituminous,  the  beds  few  in  number  and  of 
good  thickness,  amounting  in  some  cases  to  20  feet.  Some  an- 
thracite is  found.  Bohemia  is  even  more  richly  provided  than 
Silesia,  the  coal-measures  covering  a  considerable  area  and  occupy- 
ing several  basins.  More  than  forty  seams  of  coal  are  worked ; 
and  several  of  these  are  from  4  to  6  feet  thick. 

The  basin  of  the  Saare,  a  tributary  of  the  Moselle,  near  the 
frontier  of  France,  affords  a  very  important  and  extensive  coal- 
field, which  has  been  a  good  deal  worked,  and  is  capable  of 
great  improvement.  No  less  than  103  beds  are  described,  the 
thickness  varying  from  18  inches  to  15  feet.  It  is  estimated  that 
at  the  present  rate  of  extraction  the  basin  contains  a  supply  for 
60,000  years.  On  the  banks  of  the  Ruhr,  a  small  tributary  to  the 
Rhine,  entering  that  river  near  Dusseldorf,  there  is  another  very 
important  coal-field  greatly  developed  within  the  last  few  years, 
and  now  yielding  a  large  and  increasing  supply.  The  whole  annual 
supply  from  Prussia  and  the  German  states  of  the  ZoUverein,  or 
Customs  union,  now  exceeds  four  millions  of  tons. 

680.  Hungary  and  other  countries  in  the  east  of  Europe  are 
known  to  contain  true  coal-measures  of  the  Carboniferous  period; 
but  the  resources  of  these  districts  are  not  at  present  developed. 
On  the  banks  of  the  Donetz,  in  Russia,  coal  is  worked  to  some 
extent,  and  is  of  excellent  quality.  It  is  considered  to  belong  to 
the  older  part  of  the  Carboniferous  period.  At  Heraclea,  on  the 
shores  of  the  Black  Sea,  coal  has  recently  been  worked  to  some 
extent,  and  is  of  good  quality. 

681.  Spain  contains  a  large  quantity  of  coal,  both  bituminous  and 
anthracitic.  The  richest  beds  are  in  the  Asturias,  and  the  measures 
are  so  much  broken  and  altered  in  position,  as  to  be  worked 
by  almost  vertical  shafts  on  the  dip  of  the  beds  themselves. 
In  one  spot  upwards  of  eleven  distinct  seams  have  been  worked, 
the  thickest  of  which  is  nearly  14  feet  thick.  In  several  parts  of 
the  province  the  coal  is  now  worked,  and  the  measures  seem  to 
resemble  those  of  the  coal-districts  generally.  The  whole  coal-area 
is  said  to  be  the  largest  in  Europe,  presenting  upwards  of  100 
workable  seams,  varying  from  3  to  12  feet  in  thickness.  Another 
coal-field  of  some  value  exists  on  the  southern  flanks  of  the  Sierra 
Morena,  near  Cordova,  and  a  small  one  in  Catalonia.  Coal  has 
been  found  near  Coimbra  in  Portugal. 

682.  In  North  America  there  are  four  principal  coal-areas,  com- 
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pared  with  which  the  richest  deposits  of  other  countries  are  com- 
paratively insignificant.  These  are  the  great  central  coal-fields  of 
the  AUeghanies ;  the  coal-field  of  Illinois  and  the  basin  of  the 
Ohio;  that  of  the  basin  of  the  Missouri;  and  those  of  Nova  Scotia, 
New  Brunswick,  and  Cape  Breton.  Besides  these  are  many- 
smaller  coal-areas,  which,  in  other  countries,  might  well  take  rank 
as  of  vast  national  importance ;  and  which,  even  in  North  America, 
will  one  day  contribute  greatly  to  the  riches  of  various  States. 

Of  these  the  Alleghany  or  Appalachian  coal-field  measures  750 
miles  in  length,  with  a  mean  breadth  of  eighty-five  miles,  and 
traverses  eight  of  the  principal  States  in  the  American  Union. 
Its  whole  area  is  estimated  at  not  less  than  65,000  square  miles, 
or  upwards  of  40,000,000  of  acres. 

Making  a  liberal  deduction  for  unproductive  portions,  de- 
nuded and  eroded  strata,  and  the  parts  of  the  seams  out  of  reach, 
we  may  stiU  fairly  calculate  that  there  exists  in  this  district  an 
area  of  25,000,000  of  acres  of  productive  coal-measures.  The 
working  has  already  commenced  m  several  of  the  States,  though 
not  generally  to  any  very  considerable  extent.  In  Alabama,  as 
seen  in  the  annexed  diagram  (fig.  178),  the  beds  alternate  with 
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Coal.  Grit.  Limestone.  Grit.  Goal. 

I  Section  across  the  Alabama  coal-fields.    (Length  50  miles.) 

the  usual  sandstone,  shales  and  clays,  and  the  coal-seams  worked 
are  from  4  to  10  feet  thick,  reposing  on  grits,  and  appearing  on 
the  two  sides  of  an  anticlinal.  The  coal  is  bituminous,  and  used 
for  gas.  In  Kentucky,  both  bituminous  and  cannel  coal  are 
worked  in  seams  about  3  or  4  feet  thick,  the  cannel  being  some- 
times associated  with  the  bituminous  coal  as  a  portion  of  the  same 
seam ;  and  there  are,  in  addition,  valuable  bands  of  iron-ore.  In 
Western  Virginia  there  are  several  coal-seams,  of  variable  thick- 
ness, one  10  feet,  others  of  5,  and  others  3  or  4  feet.  On  the 
whole  there  seems  to  be  at  least  50  feet  of  coal  distributed  in 
thirteen  seams.  In  the  Ohio  district,  the  whole  coal-field  affords 
on  an  average  at  least  6  feet  of  coal.  The  Maryland  district  is 
less  extensive,  but  is  remarkable  as  containing  the  best  and  most 
useful  coal,  which  is  worked  now  to  |ome  extent  at  Frostburg. 
There  appears  to  be  about  30  feet  of  good  coal  in  four  seams,  be- 
sides many  others  of  less  importance.  The  quality  is  intermediate 
between  bituminous  and  anthracitic,  and  it  is  considered  weU 
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adapted  to  iron-making.  Lastly,  in  Fennsylyania  there  are  gene- 
rally from  two  to  five  workable  beds,  yielding,  on  an  average,  about 
10  feet  of  workable  coal,  and  amongst  them  is  one  bed  traceable 
for  no  less  than  450  miles,  consisting  of  bituminous  coal,  its 
thickness  being  from  12  to  14  feet  on  the  south-eastern  border, 
but  gradually  diminishing  to  5  or  6  feet.  Besides  the  bituminous 
coal  there  are,  in  Pennsylvania,  the  largest  anthracitic  deposits  in 
the  States,  occupying  as  much  as  250,000  acres,  and  divided  into 
three  principal  districts.  A  section  of  one  of  these — ^the  Schuyl- 
kill— ^is  represented  in  the  annexed  diagram  (fig.  179),  and  occupies 
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Sharp  Mountain. 


Trantyene  section  of  the  SchujUdll  coal-basin. 

upwards  of  100,000  acres.  It  contains  sixteen  workable  seams  of 
3  feet  and  upwards — ^the  thickest  being  nearly  30  feet.  These  beds 
are  repeated  by  numerous  flexures,  and  in  the  diagram  (fig.  179) 
the  same  beds,  although  apparently  overlying,  are  twice  repre- 
sented, once  on  each  side  of  a  central  axis  in  a  trough-like  basin. 

The  Illinois  coal-field  in  the  plain  of  the  Mississippi  is  only 
second  in  importance  to  the  vast  area  already  described.  There 
are  four  principal  divisions  traceable,  of  which  the  first  or  Indiana 
district  contains  several  seams  of  bituminous  coal,  distributed  over 
an  area  of  nearly  8000  square  miles.  It  is  of  excellent  quality  for 
many  purposes;  one  kind  burning  with  much  light  and  very  freely, 
approaching  cannel-coal  in  some  of  its  properties ;  other  kinds 
consist  of  caking  or  splint  coal.  In  addition  to  the  Indiana  coal- 
field, there  appears  to  be  as  much  as  48,000  square  miles  of  coal- 
area  in  the  other  divisions  of  the  Illinois  district,  although  these 
are  less  known  and  not  at  present  much  worked.  30,000  square 
miles  are  in  the  State  of  Illinois,  which  supplies  coal  of  excellent 
quality  and  with  great  facility.     The  coal  is  generally  bituminous. 

The  third  great  coal-area  of  the  United  States  is  that  of  the 
Missouri,  which  is  little  known  at  present  although  certainly  of 
great  importance. 

683.  British  America  contains  large  supplies  of  coal  in  the  pro- 
vinces of  New  Brunswick  and  Nova  Scotia.  The  former  presents 
three  coal-fields,  occupying  in  all  no  less  than  6000  square  miles, 
but  the  latter  is  far  larger  and  exhibits  several  veir  distinct  localities 
where  coal  abounds.  The  New  Brunswick  coal-measures  include 
not  only  shales  and  sandstones,  as  is  usual  with  such  deposits,  but 
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bands  of  lignite  impregnated  with  vitreous  copper  ore  and  coated 
by  green  carbonate  of  copper.  The  coal  is  generally  in  thin  seams 
lying  horizontally.     It  is  chiefly  or  entirely  bituminous. 

In  Nova  Scotia  there  are  three  coal-regions,  of  which  the 
northern  presents  a  total  thickness  of  no  less  than  14,570  feet  of 
measures,  having  seventy-six  seams  whose  aggregate  magnitude  is 
only  44  feet,  the  thickest  beds  being  less  than  4  feet.  The  Pictou 
or  central  district  has  a  thickness  of  7590  feet  of  strata,  but  the 
coal  is  far  more  abundant,  one  seam  measuring  nearly  30  feet,  and 
part  of  the  coal  being  of  excellent  quality  and  adapted  for  steam 
purposes.  The  southern  area  is  of  less  importance.  Besides  the 
Kova  Scotia  coal-flelds  there  are  three  others  at  Cape  Breton, 
of  which  one — ^the  Sydney  coal — is  admirably  adapted  for  domestic 
purposes.  There  are  here  fourteen  seams  above  3  feet  thick,  one 
being  11  and  one  9  feet. 

684.  China  appears  to  contain  large  supplies  of  mineral  fuel, 
which  were  worked  so  long  ago  as  the  thirteenth  century.  Mr. 
Williams,  one  of  the  latest  authorities  concerning  the  statistics  of 
this  country,  states  that  "several  kinds,  both  anthracitic  and  bitu- 
minous, are  seen  in  the  coal-marts  of  the  north.  That  which  is 
brought  to  Canton  is  hard,  and  leaves  a  large  proportion  of  ashes 
after  combustion.  During  ignition  it  throws  off  a  suffocating  sul- 
phurous smoke.    It  is  employed  in  the  manufacture  of  copperas." 

Much  better  qualities  are  obtained  at  Nankin  and  further 
northwards. 

685.  The  coal-fields  near  Calcutta,  those  of  New  South  Wales, 
and  those  of  Van  Diemen's  Land,  have  been  sometimes  regarded 
as  of  newer  and  sometimes  of  older  date  than  the  period  we  are 
now  considering.  The  former  wiU  be  described  with  the  other 
Indian  coal-fields  in  the  next  chapter. 

The  two  latter  (Australian)  districts  present  several  seams  of 
coal  in  horizontal  beds,  alternating  with  slaty  clay,  sandstone,  and 
shale,  together  with  a  rock  resembling  miUstone  grit,  and  a  hard 
cherty  rock.  Seams  of  iron  ore  accompany  the  coal.  The  coal  is 
of  tolerable  quality,  and  is  being  worked.  Near  Lake  Macquarie 
there  are  five  beds  described,  having  a  total  thickness  of  19  feet  in 
204  feet  of  strata ;  the  two  principal  seams  being  5  feet,  and  the 
others  3  feet  thick  respectively.  The  one  at  present  worked  is  not 
more  than  20  fathoms  below  the  surface,  and  not  more  than  20 
yards  from  the  water. 

The  coal-measures  of  New  Zealand  are  of  doubtful  age.  Some 
parts  of  the  chain  of  islands  between  the  Malayan  peninsula  and 
Australia  are  known  to  contain  mineral  fuel,  but  the  exact  posi- 
tion in  the  geological  series  has  not  yet  been  made  out.  The 
same  may  be  said  of  the  island  of  Borneo. 
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686.  The  fossils  of  the  coal-meaBureB  conBist  cdmost  entirely  of 
the  remains  of  yegetation,  and  these  are  confined  to  a  few  natural 
families,  apparently  those  whose  remainswere  most  readily  preserved 

Fig.  180.  Fig,  181.  Fig.  182. 
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under  water.  Ferns  are  extremely  abundant,  and  remarkably 
similar  to  many  now  living.  As  many  as  260  species  have  been 
determined  referrible  to  several  genera,  and  many  of  them  no 
doubt  belonging  to  arborescent  forms.  Peeopterig  (fig.  131)  and 
SpKenopteris  (€%.  180)  are  important  genera.  Ae  there  are  at 
present  only  about  siity  species  of  recent  ferns  indigenous  jn 
Europe,  none  of  which  are  tree  ferns,  this  prevalence  of  a  peculiar 
kind  of  vegetation  ia  very  marked,  and  indicates  climatal  pecu- 
liarities resembling  those  of  the  islands  in  the  Southern  Ocean, 
where  a  preponderance  of  similar  phmts  ia  known  to  esist. 

687.  The  remwns  of  a  tree  called  Lepidodendron,  from  the  scars 

observable  in  the  trunks,  are  also  extremely  common  in  beds 

Fig.  183. 
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associated  with  coal.  They  are  referred  to  the  Lyeopodiaceie,  but 
srevr  to  amuchlargersizethananymodemspeciesof  that  family. 
Branching  trunks,    60   feet  long,   cones   (called   Lepidottrobat, 
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fig.  183)  and  leavea  attached  to  the  bark  hare  been  foUnd,  Hud 
occur  more  or  less  in  aU  the  principal  coal-fields.  There  are  at 
present  about  forty  difiereut  recognized  species  of  this  genua^ 

Lai^e  specimens  of  trees,  apparently  ^^ 

resembling  the   "Horse-tail"   of  our  *' 

marahes,  are  alao  common,  and  charac- 
teristic of  the  coal-meaeurea.  These 
are  known  under  the  name  of  Cala- 
miteg  (see  fig.  184),  but  appear  to  haye 
been  the  sterna  of  trees  haying  the  cen- 
tral pith  surrounded  by  a  woody  sheath, 
and  thia  again  by  a  thick  bark.  It  ia 
eupposed  thsit  aome  of  the  elegant  star- 
like  leaflets  to  which  the  name  JMero- 

phyUitee  has  been  given,  belonged  to  ciamta  ™m«tonni.. 

the  tree  of  which  the  ordinary  Calamites  were  brMichea,  amd  it 
appears  certain,  at  any  rate,  that  both  were  dicotyledonoua.  Others 
of  the  Asterophyllites  were  probably  more  fern-like,  and  others 
again  are  beUeved  to  have  been  aquatic. 

688.  Si^llaria  (fig.  132)  and  Stigniaria  (fig.  181)  are  generic 
names  that  include  a  larae  proportion  of  the  vegetation  hitherto 
diseoTcred  aa  forming  the  basis  of  coal.  The  former  was  the 
trunk  of  a  tree  of  which  the  Stigmaria  waa  the  root.  The  tree 
grew  to  a  great  height,  reaching  sometimes  to  70  feet  or  more. 
The  stem  was  fluted,  and  in  large  specimens  as  much  as  5  feet  in 
diameter.  It  was  deeply  marked  by  scara  at  the  base  of  leaf- 
stalks that  hare  fallen  ofi',  but  the  internal  organization  of  the 
trunk  resembled  that  of  the  Zamia,  and  the  interior  seems  to  have 
decayed  much  more  rapidly  than  the  esterior,  so  that  the  fosaU 
remaina  often  consist  of  nothing  more  than  two  horizontal  layera  of 
bark  crushed  fiat,  and  less  than  an  inch  in  total  thickness. 

Woody  stems  of  coniferous  trees  have  been  determined  from 
the  coal-measures,  and  the  stone  now  filling  the  apace  formerly  occu- 
pied by  the  pith  has  been  called  Stembergia.  Fruits  of  suen  trees 
have  been  found,  and  are  designated  Trigonoearpwti.  Numerona 
instances  are  recorded  of  trunks  and  stumps  of  trees  found  erect 
in  the  places  where  they  grew,  in  one  instance  no  leas  than 
seventy-three  such  atumpa  having  been  counted  within  an  area  of 
a  quarter  of  an  acre,  in  an  open  coal-work  near  Wolverhampton. 
Near  the  atumpa  are  numerous  trunks,  one  of  them  30  feet  long. 

689.  Bemains  of  animals  in  the  coal  are  rare  and  confined  to  a 
few  apecies,  but  they  are  not  without  great  interest,  as  they  belong 
for  the  most  part  to  land  and  freshwater  apecies.  They  include  a 
few  shells  and  worms  resembling  those  found  in  brackish  water, 
and  referrible  approximately  to  me  genera  Unio  (?),  Modiola,  and 
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Spirorhia ;  some  minute  crustaceans  and  two  of  larger  size  resem- 
buDg  the  LimuluB  or  King  Grab  of  the  West  Indies ;  a  few  frag- 
ments of  insects,  including  a  locust,  the  wing  of  a  grasshopper  and 
beetle,  several  white  ants,  &c.  Besides  these  are  seyeral  fishes, 
some  of  large  size  {Holoptychvus,  see  fig.  182),  and  some  of  smaller 
dimensions,  and  parts  of  the  skeletons  of  as  many  as  seven  distract 
speciefi  of  air-breathing  reptiles,  referred  to  five  genera,  have  been 
determined,  some  from  the  Saare  coal-fields  near  Treves,  and  others 
from  American  coal-fields.  The  largest  of  those  from  Europe  must 
have  been  3^  feet  long,  but  numerous  foot-prints  belonging  to 
larger  reptiles  have  been  discovered  in  America.  Some  of  these 
reptiles  were  lacertian,  but  others  were  more  nearly  allied  to  the 
batrachian  group.  No  doubt  whatever  exists  as  to  the  true  rep- 
tilian character  of  these  animals,  but  it  is  worthy  of  remark  that  the 
larger  fishes  of  this  period  also  have  many  reptilian  peculiarities. 
Thus  the  Holoptychius,  already  referred  to,  and  the  MegaUchthys 
are  genera  which  may  rank  amongst  the  singular  links  connecting 
two  great  natural  divisions,  apparently  separated  from  one  another 
so  widely  as  to  offer  scarcely  any  points  of  resemblance.  They  com- 
bine with  many  of  the  characters  of  a  true  fish,  close  and  striking 
analogies  with  reptiles;  and  the  teeth,  more  especially,  so  nearly  re- 
semble those  of  some  crocodilian  animals,  that  when  first  discovered 
they  were  immediately  referred  to  that  class ;  while  not  only  the 
teeth,  but  even  the  scales  seemed  to  indicate  the  same  a£Snity. 

690.  The  Carboniferous  series  is  not  only  remarkable  for  its 
coal :  it  contains  also  large  and  very  important  supplies  of  metal- 
liferous ores,  chiefly  of  iron,  lead,  and  zinc.  The  latter  (lead  and 
zinc)  are  contained  generally  in  dykes  or  veins,  expanding  against 
particular  bands  of  carboniferous  limestone,  and  often  influenced 
by  the  presence  of  crystalline  rocks.  The  lead  mines  of  Derby- 
shire, Alston-moor,  and  other  parts  of  Northumberland  and  Dur- 
ham, exist  under  circumstances  of  this  kind,  and  are  often  found 
with  veinstone  of  fiuor  spar,  barytes,  and  calc  spar. 

691.  The  condition  of  the  iron  ore  in  the  coal-measures  of 
England,  Belgium,  !France,  and  America,  is  well  known  to  be  that 
of  carbonate  and  oxide  mixed  with  a  large  per-centage  of  clayey 
impurities.  The  concretionary  structure  often  prevails,  and  the 
bands  consist  of  nodules,  sometimes  laminated,  and  sometimes 
concentric,  but  usually  of  flattened  spheroidal  shape.  Thev  often 
enclose  leaves  and  other  organic  remains.  The  celebrated  hlacJc 
hcmd  is  a  rich  variety  of  clay  ironstone  found  in  bands  more  or 
less  irregular,  and  receives  its  name  from  the  quantity  of  carbon- 
aceous matter  it  contains,  this  being  often  sufficient  to  roast  the 
ore  without  the  addition  of  other  fuel. 

A  considerable  quantity  of  salt  is  present  in  the  lower  car- 
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boniferous  rocks  of  Western  Virginia,  U.S.     This  is  shown  by 
brine-springs  long  since  made  use  of  in  the  valley  of  the  Kanawha. 

Magnesicm  Limestone^  or  Permian  series, 

692.  Overlying  the  coal-measures  is  a  series  of  rocks  fre- 
quently remarkable  for  the  presence  of  carbonate  of  magnesia  in 
comparatively  large  quantity.  These  beds  in  England  form  two 
divisions,  the  lower  scarcely  distinguishable  from  the  upper  coal- 
measures,  and  the  upper  containing  the  more  magnesian  deposits. 
In  Germany  the  whole  series  is  more  shaly,  but  somewhat  analo- 
gous. In  !Russia  the  lower  division  is  best  represented.  The  fol- 
lowing are  the  chief  subdivisions  of  the  system : — 

NoBTH  OP  EiraiLAND.  Q^EBMANT  (Thtirmgia). 

"^t  Limestones,  crystalline  or  concre-  CX,  Stiukstein. 

tionajy,  and  non-crystalline.  J  2.  Eauchwacke. 

2.  Brecciated,andp8eudo-brecciated  |  3.  Dolomite,  or  Upper  Zechstein. 
limestone.  Mi.  Lower  Zechstein. 

3.  Fossiliferous  limestone.  r  5.  Kupfer-schiefer. 

4.  Compact  limestone.  \  g.  Eoth-liegendes. 

5.  Marly  beds,  with  thin  bcuids  of 
compact  and  shelly  limestone. 

6.  Lower  New  red  sandstone. 

693.  The  lowest  bed  of  the  magnesian  limestone  group  is  called, 
from  its  Hthological  character  and  relative  geological  position, 
"  the  Lower  New  red  sandstone ;"  but  it  might  be  associated  with 
the  Upper  coal-measures,  for  it  contains  numerous  remains  of 
extinct  vegetables  not  to  be  distinguished  from  species  found 
throughout  the  Carboniferous  system.  It  differs  somewhat  from 
the  coal  grits  in  mineral  composition,  being  more  discoloured  with 
oxide  of  iron,  besides  beiag  chiefly  made  up  of  a  conglomerate  in 
which  quartz  and  decomposed  granite  abound.  This  conglome- 
rate, although  in  its  lower  portion  exceedingly  coarse,  passes  up- 
wards into  a  fine-grained  sandstone,  and  so  by  finer  sands  mixed 
with  marl  shows  a  gradual  transition  to  the  upper  and  marly 
beds.  Beds  of  freestone  sometimes  alternate  with  the  fine  sands 
and  clays  of  this  division ;  and  the  mass  is  altogether  very  irre- 
gular both  in  thickness  and  extent,  appearing  to  have  presented 
an  uneven  surface  at  the  commencement  of  the  deposit  of  the 
more  recent  magnesiaa  limestones,  and  in  some  places  to  have  under- 
gone considerable  degradation  before  those  beds  were  superimposed. 
The  marls  associated  with  the  fossiliferous  bands  iu  the  county  of 
Durham  are  sometimes  bituminous,  and  traces  of  bitumen  occur 
in  thin-bedded  compact  limestones  of  the  same  geological  date. 

694.  The  Lower  New  red  sandstone,*  or  Bothe-Uegendes^  as  ob- 
served in  Germany,  is  similar,  in  almost  all  respects,  to  the  con- 
temporaneous beds  in  our  own  country,  being  made  up  of  coarse 
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conglomerates,  alternating  with  marls  and  slialy  beds,  the  conglo- 
merates being  generally  composed  of  fragments  of  the  neighbour- 
ing crystalline  rocks,  cemented  by  a  fine  ferruginous,  and  some- 
times argillaceous  sandstone. 

695.  Li  France  this  deposit  wraps  round  the  old  rocks  which 
form  the  central  axis  of  the  Vosges.  It  consists  of  a  coarse  inco- 
herent sandstone,  generally  of  a  re  J  but  sometimes  of  a  bluish- 
grey  colour,  alternating  with  shaly  and  micaceous  marls,  the  whole 
formation  being  extremely  variable,  both  in  its  mineral  character 
and  in  the  extent  of  its  development.  It  passes  insensibly  into 
the  upper  beds  caUed  the  ^^ gres  des  Vosges, ^^  or  Vosges  sandstone, 
there  being  no  intermediate  magnesian  limestone. 

696.  The  Magnesian  limestone,  which  comes  next  in  order,  occu- 
pies by  far  the  greater  part  of  the  escarpment  overhanging  the 
coal-measures.  It  is  extremely  complicated  in  its  structure,  pre- 
senting more  varieties  in  the  arrangement  of  its  subordinate  parts 
than  any  newer  formation.  The  lower  part  is  usually  of  an  open 
arenaceous  texture,  and  of  red  colour,  being  made  up  of  a  conge- 
ries of  small  crystals,  coated  with  oxide  of  iron.  The  crystals, 
loosely  aggregated  in  the  lower  beds,  occasionally  become  more 
closely  packed  and  of  paler  colour,  and  a  little  higher  in  the  series 
form  a  tolerably  compact  rock,  and  sometimes  a  stone  of  such 
close  grain  as  to  be  used  for  troughs  and  cisterns.  In  this  state 
it  becomes  a  true  Dolomite,  with  a  crystalline  or  semi-crystalline 
structure,  associated  with  thin  beds  of  crystalline  rock  of  loose 
texture,  of  the  same  kind  as  those  described  above.  There  is 
also  a  compact  dolomite  with  a  flat  conchoidal  fracture,  and  trans- 
lucent at  the  edges ;  but  it  is  very  irregular  in  structure,  and 
passes  by  insensible  gradations  into  other  varieties. 

697.  The  magnesian  limestone  occasionally  puts  on  other  forms, 
in  some  places  being  made  up  of  lamiasB  parallel  to  the  plane  of 
stratification,  and  elsewhere  composed  of  earthy  masses,  which 
are  sometimes  hard  and  regularly  bedded,  and  sometimes  unstra- 
tified.  A  remarkable  peculiarity  of  structure  in  this  bed  has 
sometimes  also  obliterated  the  lines  of  deposition  so  that  a  section 
of  the  rock  exhibits  a  mass  of  crystalline,  compact,  cellular,  and 
earthy  materials  rudely  blended  together,  and  passing  into  each 
other  without  order  or  arrangement.  In  the  apparent  confusion 
thus  produced  the  minute  grains  which  enter  into  the  composition 
of  the  rock  are  occasionally  well  defined  and  of  spheroidal  shape. 
The  mass,  in  such  a  case,  appears  Oolitic,  and  there  are  several 
localities  in  the  southern  part  of  Yorkshire  where  Oolitic  magne- 
sian limestone  is  worked  as  a  freestone,  and  resembles  not  a  little 
the  building-stone  obtained  near  Bath  from  the  Secondary  rocks. 
Like  this  latter  stone  it  cuts  readily  in  the  quarry,  and  hardens 
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on  exposure  to  the  atmosphere ;  but  the  grains  are  less  uniform 
in  size,  possess  a  glimmering  lustre,  and  are  hollow  and  made  up 
of  concentric  laminae. 

It  has  not  yet  been  very  clearly  determined  what  is  the  cause 
of  the  presence  of  so  large  a  quantity  of  carbonate  of  magnesia  in 
these  deposits,  while  this  mineral  is  elsewhere  so  rare.  Perhaps 
the  best  suggestion  is  that  made  by  Dr.  Forchhammer,  who 
attributes  the  dolomization,  or  infiltration  of  carbonate  of  mag- 
nesia, to  numerous  springs  containing  that  mineral,  poured  out 
during  or  subsequently  to  the  deposition  of  the  carbonates  of  lime 
which  form  the  base  of  the  whole  deposit. 

698.  The  uppermost  beds  of  the  series,  which  overlie  the  true 
magnesian  limestone,  consist  of  gypseous  marls  of  variable  thick- 
ness, and  sometimes  occupy  the  base  of  a  low  escarpment,  formed 
by  a  grey,  thin-bedded  limestone  (the  highest  bed  of  the  series), 
which  dips  into  the  plain  of  the  New  red  sandstone.  The  thinness 
of  the  uppermost  beds  is  characteristic,  and  they  often  pass  into  mere 
laminae,  with  plates  of  marl  interposed  between  them.  Organic  re- 
mains are  not  common,  and  when  they  do  appear,  they  are  obscure. 

699.  Turning  now  to  the  contemporaneous  beds  in  the  south  of 
England,  we  find  a  dolomitic  conglomerate,  made  up  of  angular  or 
slightly  worn  fragments  of  an  underlying  limestone,  cemented  by 
a  red  or  yeUow  magnesian  paste.  This  deposit  fiUs  up  the  hoUows 
and  irregularities  of  the  lower  aud  older  coal-measures,  and  is  seen 
in  the  precipitous  cliffs  on  the  Avon.  It  is  undoubtedly  the  re- 
presentative of  the  magnesian  limestone  of  the  north  of  England. 

700.  The  magnesian  limestone  series  may  be  traced  in  the  north 
of  Prance  and  in  Burgundy,  but  is  most  ftdly  developed  at  Mans- 
field in  the  Thuringian  forest,  in  the  district  of  the  Hartz,  and  in 
Franconia.  Throughout  the  south  of  France  it  appears  to  have 
no  representative,  and  is  most  likely  altogether  absent.  When 
most  perfectly  expanded,  the  whole  series  is  divisible  into  two 
groups,  the  lower  one  for  the  most  part  argillaceous,  and  the  upper 
calcareous,  and  the  series  then  rests  immediately  upon  the  con- 
glomerates of  the  Bothe-UegendeSy  already  described. 

701.  Of  the  schistose  beds  which  form  the  base  of  the  magne- 
sian limestone  series,  the  lowest  is  sandy,  and  forms  a  kind  of 
transition  from  the  underlying  sandstones.  It  is  of  no  great 
thickness,  and  is  succeeded  by  a  bituminous  band,  remarkable  for 
great  uniformity  both  of  mineral  character  and  fossil  contents, 
being  traceable  over  a  considerable  district  in  Germany,  and  form- 
ing an  excellent  geological  horizon  for  an  extent  of  250  miles* 
According  to  M.  D' Aubuisson,  one-tenth  part  of  the  mass  of  this 
bed  consists  of  bitumen  and  carbon:  and,  although  not  more  than  a 
foot  in  thickness,  it  contains  so  considerable  a  quantity  of  iron  and 
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argentiferous  copper  pyrites  as  to  be  worth  working  as  an  ore, 
whence  it  has  received  the  name  oiKwpfer'Bchiefer^  or  copper  slate. 

This  bituminous  schist  is  also  remarkable  as  containing,  in  great  abundance, 
the  nearly  perfect  fossil  remains  of  a  large  number  of  extinct  species  of  fish. 
By  means  of  these  the  bed  has  been  ident&ed  with  the  contemporaneous  forma- 
tions in  other  countries ;  and  as  the  remains  of  reptiles  hare  also  been  disco- 
vered, associated  with  the  fragments  offish,  the  Kupfer-schiefer  is  thus  brought 
into  relation  with  the  Bristol  dolomitic  conglomerate,  as  well  as  with  the  Mag- 
nesian  limestone  of  Durham  and  the  Permian  system  of  Russia. 

702.  The  upper  or  calcareous  portion  in  Qermanv  is  called 
Zechsteifi,  and  is  chiefly  a  compact  limestone,  but  the  highest  beds 
are  marly,  consisting  of, — 1st,  a  greyish,  bluish,  or  greenish  clay, 
called  Letten,  often  containing  rolled  fragments  of  dolomite  and 
crystals  of  gypsum.  This  reposes  on  (2)  a  fetid  limestone  called 
8tvnlc8tem,  which  is  a  compact  or  granulated  rock,  of  a  blackish- 
brown  or  greenish  colour,  and  extremely  bituminous,  giving  out 
an  offensive  odour  when  struck  or  rubbed.  The  lower  bed  (3)  of 
the  Zechstein  is  called  JRatichwacke,  and  consists  of  a  hard  but 
cellular  magnesian  limestone,  abounding  in  long,  irregular,  and 
narrow  cavities,  which  are  most  numerous  when  the  bed  attains  a 
considerable  thickness,  but  are  almost  obliterated  in  the  thinner 
and  more  compact  portions.  The  whole  thickness  of  the  Zech- 
stein is  rarely  more  than  twenty  or  thirty  yards. 

703.  In  the  zechstein  and  the  beds  associated  with  it,  there  are  found  occa- 
sionally several  minerals,  amongst  which  may  be  enumerated  white  crystallized 
carbonate  of  lime,  crystallized  sulphate  of  lime  or  gypsum,  quartz,  and  mica. 
Both  the  sulphuret  and  carbonate  of  copper  oocur,  together  with  galena,  in 
mineral  veins  traversing  the  formation. 

704.  The  Permian  system  of  Eussia  exactly  corresponds  to  the 
Magnesian  limestone  and  Lower  New  red  sandstone  of  our  own 
country ;  but  it  has  been  judged  advisable  to  give  a  distinct  name 
to  the  continental  group,  and  the  district  in  which  the  rocks  are 
most  perfectly  exhibited  being  included  in  the  ancient  kingdom  of 
Fermia,  that  name  has  been  selected,  for  reasons  similar  to  those 
which  had  induced  Sir  R.  Murchison,  on  a  former  occasion,  to 
apply  the  term  "  Silurian  formation"  to  a  group  typically  exhi- 
bited in  the  region  of  the  ancient  Siluri. 

The  Permian  district  extends  for  about  700  miles  from  north  to 
south  along  the  western  or  European  flanks  of  the  Ural  chain,  and 
for  nearly  400  miles  between  those  mountains  and  the  river  Yolga. 
The  strata  within  this  area  are  described  as  lying  in  an  enormous 
trough  of  carboniferous  limestone,  and,  although  occasionally 
thrown  into  anticlinal  axes  of  some  length,  are  often  traceable  for 
great  distances,  without  any  break  or  interruption  of  the  sequence. 

706.  The  Permian  rocks  of  Eussia  consist  of  a  great  number  of 
distinct  strata  of  very  varied  lithological  character.  They  are 
composed,  for  the  most  part,  of  white  limestone  with  gypsum  and 
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rock  salt,  of  red  and  green  gritBtonee  with  shaleB  and  occasionally 
copper  ore,  and  of  magaesian  lime  atones,  marUtones,  conglo- 
meratea,  &c.  The  whole  serieB  is  fossUiferouB,  and  contains  the 
remains  of  extinct  species  of  animals  and  vegetables,  greatly  re- 
sembling those  of  the  Carboniferous  period.  In  the  ^Ruasian  beds, 
olao,  there  have  been  diacovered  reptilian  remains  like  those  of  the 
Bristol  maguesian  conglomerate,  and  fiah  identical  with  the  species 
from  Dvuham  and  from  Mansfeld  in  the  Thuringian  forest. 

706.  The  fosails  of  the  magneaian  limestone  series  are  few,  rare, 
except  in  certain  local  deposits,  Mid  comparatiTely  uninteresting. 
They  include  some  plants  peculiar  to  the  aeriea,  and  many  com- 
mon also  to  the  coal-meaaurea.  The  silicided  trunka  of  tree  ferns 
-  found  in  the  lowest  Permian  beds  of  Saxony  and  Bohemia  are  called 
Psaronitee.    They  have  also  been  met  with  in  Prance  and  America. 

Corals  are  found  in  the  magneaian  limestone  in  various  places, 
and  brachiopodouB  sheila  \Prodw)tu», 
fig.l84,iS|pm^r,fig.l85)  are  characteristic. 
Other  shells  are  known.  The  renuuns  of 
fishes  are  both  numerouB  and  interesting, 
being  very  perfectly  preserved,  and  tend- 
ing aimoBt  as  much  as  any  natural  group 
to  mark  the  position  of  the  Magneaian 
limestone  as  of  paUeozoic  age,  the  verte- 
bral column  being  invariably  continued  to 
the  extremity  of  the  caudal  fin.  The  genua 
FalteonUcut  is  eflpeciaUv  abundant  (see 
fig.  187).  The  bones  ana  teeth  of  several 
^ecies  of  reptilian  flnimulB  have  been 
iound  in  these  deposits  in  England,  Gter- 
many,  and  Bussia. 

■'  Fig.  167. 
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u  IrMtored). 

707.  Before  proceeding  to  an  account  of  the  rocks  of  the  Se- 
condary period,  it  will  be  useful  to  give  a  general  riivmS  of  some 
points  connected  with  the  history  of  Palaozoic  rocks  considered  as 
forming  a  distinct  natural  group,  sqiarated  by  a  defined  boundary 
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from  those  of  more  modem  date.  In  the  first  place,  referring  to  the 
peculiar  theory  of  M.  Elie  de  Beaumont  concerning  the  uniformity 
and  extension  of  the  action  of  elevatory  force  at  certain  periods, 
we  may  state  that  the  Palaeozoic  systems  of  disturbing  force  are 
four  in  number,  and  that  although  none  of  them  have  produced 
lofty  and  important  mountain  chains,  they  are  not  without  great 
interest  in  various  parts  of  Europe.  The  first  in  order  of  time  is 
supposed  to  have  originated  between  the  deposit  of  the  Lower  and 
Upper  Silurians,  and  to  have  caused  the  production  of  the  West- 
moreland mountains  and  the  Hundsruck  chain.  The  direction  of 
this  movement  is  calculated  to  have  been  W.  35°  S.  by  E.  35°  N. 
This  system  is  recognized  in  a  multitude  of  localities  m  the  posi- 
tion and  structure  of  many  extensive  bands  of  gneiss  and  clay-slate, 
and  it  is  called  the  System  of  Westmoreland  and  the  ITtrndsriick, 

The  first  clear  definition  of  this  very  ancient  elevation,  is  due 
to  the  researches  of  Professor  Sedgwick  in  Westmoreland.  Its 
recognized  range  is  there  very  extensive ;  as,  besides  the  West- 
moreland hills,  it  comprises  the  southern  range  of  Scotland,  from 
St.  Abbs'  Head  to  the  Mull  of  GaUoway,  the  ridges  of  the  Isle  of 
Man,  the  slate  rocks  of  Anglesea,  mountains  in  North  Wales,  and 
hills  in  Cornwall.  The  ridges  of  the  Hundsruck,  of  the  Eifel,  and 
others  in  Nassau,  have  also  been  referred  to  this  system,  which  is 
probably  the  most  ancient  of  which  our  globe  can  now  furnish  any 
traces;  although,  as  those  disturbed  Silurians  must  themselves 
have  been  deposited  by  the  ocean  as  the  debris  of  mountains,  we 
have  no  ground  whatever  for  regarding  even  this  early  dislocation 
as  the  first  action  of  interior  forces  upon  the  earth's  surface.  It 
appears  certain,  too,  that  the  ranges  included  in  the  group  are 
but  the  slenderest  fragment  of  the  changes  impressed  on  the  globe 
by  the  movement  in  which  they  originated ;  for  the  direction  of 
the  upheaved  strata  (nearly  north-east  to  south-west)  coincides 
with  the  prevailing  direction  of  the  ancient  strata,  even  when  un- 
accompanied by  mountains,  in  almost  every  portion  of  the  globe. 
It  is  the  line  along  which  the  old  strata  of  Northern  Eussia  have 
been  dislocated — ^the  great  lakes  in  that  region  being  transverse 
splits.  Captain  Bayfield  has  noticed  similar  facts  in  North  Ame- 
rica ;  and  Humboldt  long  ago  marked  the  immense  extent  of  the 
regions  manifesting  the  presence  of  this  line  of  force, 

708.  System  of  the  Vosges, — The  later  Silurian  rocks,  which 
show  no  trace  of  the  previous  dislocation,  and  which  must  have 
been  deposited  at  a  subsequent  period,  manifest  the  action  of  a 
force  in  the  direction  E.  15°  S.  to  W.  15°  N. ;  and  with  this  dis- 
turbance various  mountain  ranges  in  Normandy  are  associated.  To 
these,  according  to  De  Beaumont's  first  views,  belong  part  of  the 
Vosges ;  the  hills  of  the  Bocage ;  hiQs  in  the  south  of  Ireland, 
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and  in  DevonsMre ;  elevations  near  Magdeburg ;  and  probably  the 
older  part  of  the  Hartz.  The  direction  is  nearly  constant ;  in- 
clining, however,  towards  direct  east  and  west. 

709.  System  oftJi^  North  of  England, — Erom  Derby,  as  far  as 
the  frontier  of  Scotland,  a  mountain  axis  intersects  the  soil  of 
England,  running  abnost  directly  from  north  to  south,  or  devia- 
ting a  little  towards  north-north-west.  The  critical  discussion  of 
this  important  ran£;e  is  another  of  Professor  Sedgwick's  numerous 
contributions  to  the  higher  departments  of  English  geology ;  and 
he  has  distinctly  shown,  that  the  Carboniferous  system  has  been 
upheaved  by  a  force  antecedent  to  the  deposit  of  the  Lower  New 
red  sandstone.  This  elevated  zone  is  chiefly  remarkable  for  its 
immense  &ults,  and  for  the  numerous  fissures  and  slips  in  the 
raised  strata ;  by  means  of  which  its  presence  can  be  traced  beyond 
the  sphere  of  its  mere  mountain  ranges.  In  close  connexion  with 
it  are  the  rocks  which  pierce  and  dislocate  the  local  formations 
from  Shrewsbury  as  far  as  Bristol.  This  elevation  also  affected 
rocks  of  the  same  age  on  the  continent. 

710.  System  of  Saincmlt, — This  system,  which  is  rather  shown 
by  dislocations  than  by  elevations  producing  a  moimtain  range,  is 
recognized  chiefly  in  a  nearly  east  and  west  direction  (W.  5°  8.  by 
E.  6^  N.)  across  Elanders  as  far  as  the  western  extremity  of  South 
"Wales.  Its  date  is  supposed  to  have  been  between  some  of  the 
deposits  of  the  Permian  series,  and  its  residts  on  the  coal-measures 
are  too  important  to  be  neglected,  especially  in  the  smaller  coal- 
fields of  Western  Europe. 

711.  It  does  not  appear  possible  at  present  to  estimate  the 
amount  of  crystalline  rock  of  the  PalsBozoic  epoch,  and  no  doubt  a 
very  large  proportion  of  that  which  is  found  now  included  amongst 
such  deposits  is  more  modem  than  the  period  itself  The  moun- 
tain-chams  already  mentioned,  and  others  that  have  lifted  the 
Silurian  and  carboniferous  rocks,  though  not  sufficiently  so  as  to 
produce  distinct  ridges,  afford  ample  proof  of  ancient  metamor- 

S hoses  resembling  those  of  much  more  recent  date ;  and  the  con- 
ition  of  some,  even  of  the  newer  deposits  of  the  period,  had 
certainly  undergone  change,  and  been  penetrated  witn  dykes  of 
crystaUine  rock  even  before  the  close  of  the  epoch. 

712.  The  distribution  of  land  and  water  during  the  PalsBOzoic 
period  is  hardly  to  be  determined  from  the  present  state  of  our 
knowledge  of  geology.  Still  it  may  be  considered  as  probable  that 
some  islands  had  risen  above  the  water  in  what  is  now  America. 
In  Africa  perhaps  a  continent  existed,  or  at  least  three  or  four 
large  islands  now  forming  the  three  chains  to  the  south  and  the 
first  indications  of  the  Atlas  chain  of  Morocco.  In  Asia  from 
three  to  five  islands  might  be  counted.    Palaeozoic  deposits  had 
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separated  the  North  of  Europe  from  its  neighbouring  continent; 
and  marked  out  on  one  side  the  first  contour  of  the  basins  of 
Australia,  Hindostan,  China,  and  Siberia ;  and  on  the  other  those 
of  Eussia,  Scandinayia,  Central  Europe,  the  Brj|^sh  Islands,  Prance, 
and  Spain.  Europe  must  have  exhibited  ten  or  eleven  peaks  or 
primitive  islands  above  the  surface  of  those  early  oceans. 

713.  The  depth  of  the  sea  in  those  places  where  the  chief  Palaeo- 
zoic deposits  occur  does  not  appear  to  have  been  considerable, 
while  the  presence  of  coal  marks  distinctly  the  proximity  of  land 
of  some  extent,  and  very  widely  distributed.  The  climate  of 
the  older  part  of  the  penod  is  by  no  means  indicated  bv  the 
nature  of  the  fossils,  and,  as  far  as  the  coal  is  concerned,  the 
evidence  afforded  by  the  fossil  plants,  insects,  and  reptiles  is 
rather  in  favour  of  equable  temperature  and  much  moisture,  than 
even  that  degree  of  heat  now  enjoyed  by  countries  near  the  torrid 
zone,  or  where  a  subtropical  climate  is  produced  by  heated  marine 
currents,  and  a  prevalence  of  warm  winds. 


CHAPTEE  XY. 

ON  THE  EOCKS  AND  FOSSILS  OP  THE  SECONDABY  EPOCH. 

714.  Thb  deposits  of  the  Secondary  epoch,  so  far  as  they  have 
been  as  yet  examined  and  described  in  various  parts  of  the  world, 
may  be  divided  into  five  principal  groups,  each  of  which  again 
presents  well-marked  subdivisions.  These  are  respectively  named 
(in  descending  order)  the  Cretaceous,  Wealden,  Oolitic,  Liassic, 
and  Triassic.    We  now  proceed  to  consider  them  in  some  detaiL 

The  New  red  sandstone,  or  Triassic  series. 

715.  The  deposits  belonging  to  this  system  are  so  named  from 
the  tripartite  division  of  them  observed  on  the  continent  of  Europe, 
where  a  calcareous  rock  of  some  importance  (the  Muschelkalk) 
intervenes  between  two  arenaceous  rocks,  called  respectively 
Kewper  and  JBunter-sandstein.  In  England  the  absence  of  the 
limestone  leaves  no  means  of  distinguishing  between  the  two 
sands,  which  are  only  spoken  of  as  distinct  owing  to  the  presence 
of  some  doubtful  fossils,  and  a  more  marly  character,  combined 
with  beds  of  gypsum  and  rock-salt,  in  the  upper  part.  The  British 
series  is  designated  Zipper  New  red  sandstone. 

716.  The  lowest  beds  of  the  Upper  New  red  sandstone  are 
chiefly  found  in  the  middle  of  England,  and  consist  of  thick  masses 
of  whitish  soft  sandstone.     In  some  places  (as  in  Staffordshire) 
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these  are  surmounted  by  conglomerates,  composed  of  rounded 
pebbles  of  quartz  rock,  and  fragments  of  Silurian  rocks  and  Old  red 
sandstone.  The  total  thickness  of  this  part  of  the  formation  is 
considerable,  but  has  not  been  accurately  calculated.  It  is  only 
to  be  distinguished  from  the  overlying  saHferous  marls  by  small 
differences  of  mineral  character. 

717.  In  Cheshire,  the  southern  part  of  Lancashire,  and  the 
northern  part  of  Shropshire,  which  together  form  an  extensive  and 
rich  plain,  watered  by  the  Dee,  the  Mersey,  and  the  Weaver,  the 
uppermost  beds  of  the  New  red  sandstone  are  chiefly  developed ; 
and  the  saliferous  marls  have  been  identified  with  the  uppermost 
strata  of  the  foreign  Triassic  system.  Throughout  this  range  the 
beds  are  nearly  horizontal,  the  dip  rarely  exceeding  ten  or  twelve 
degrees,  and  being  constantly  towards  tlie  east,  or  a  few  degrees 
north  or  south  of  that  point.  They  are,  however,  affected  by  some 
important  faults.  The  whole  district  aboiinds  with  salt  springs, 
which  are  more  especially  plentiful  in  Cheshire ;  and  in  that  county, 
also,  there  occur  extensive  masses  of  rock-salt  in  a  solid  state, 
their  total  thickness  amounting  to  not  less  than  sixty  feet.  These 
alternate  with  beds  of  gypsum ;  with  numerous  bands  of  indurated 
clay  of  a  blue,  red,  or  brown  colour ;  and  with  sandstones,  fre- 
quently marly,  and  of  a  red  colour. 

718.  The  red  marl  district  with  brine  springs  is  continued 
southwards  into  "Worcestershire,  and  northwards  into  the  valley  of 
the  Eden,  and  the  same  part  of  the  formation  extends  also  east- 
wards, occupying  for  the  most  part  the  plains  through  which  the 
Humber  and  its  tributaries  make  their  way  to  the  German  Ocean. 
In  Somersetshire  and  Devonshire  similar  sandstones  recur,  and  lie 
imconformably,  overlapping  the  inclined  edges  of  the  older  rocks, 
or  abutting  against  them,  but  uniformly  composed  of  the  same 
materials,  remarkable  throughout  for  the  ochi^iceous  colour  per- 
vading them.  Between  Sidmouth  and  Seaton  in  Devonshire,  the 
red  marls  contain  gypsum  in  abundance,  and  near  Teignmouth  the 
cKffs,  which  are  of  considerable  height,  consist  of  alternations  of 
argillaceous  beds  of  sandstone  and  of  conglomerate. 

719.  Intervening  between  the  Upper  New  red  sandstone  and 
the  lower  lias  is  a  well-known  bed  found  near  Axmouth  in  Devon- 
shire and  in  the  cliffs  of  "Westbury,  and  Aust  in  Gloucestershire. 
This  bed  is  loaded  with  the  remains  of  fish  and  reptiles,  and  the 
former  have  been  referred  to  genera  which  characterize  theMuschel- 
kalk  of  Germany,  and  other  triassic  deposits.  This  bed,  called 
the  bone'hed,  is  therefore  now  regarded  as  of  the  New  red  sand- 
stone period.  It  is  very  thin,  but  has  a  total  range  of  upwards  of 
100  miles. 

720.  The  development  of  the  Trias  in  Prance  and  Germany  is 
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different  from  that  just  described,  and  the  general  character  of  the 
different  deposits  mil  be  understood  by  the  following  description. 

The  Ores  JBiga/rrS,  or  Btmter  Sandstein,  is  a  fine-grained  solid 
sandstone,  sometimes  white,  but  more  frequently  of  a  red,  blue,  or 
greenish  tint.  The  structure  of  the  lower  part  is  tolerably  close- 
grained,  and  sufficiently  compact  to  form  a  good  building-stone ; 
but  the  uppermost  strata  are  fissile  and  incoherent,  and  pass  into 
an  earthy  clay  containing  gypsum.  The  intermediate  portion  is 
compact,  like  the.  lower,  but  its  structure  is  that  of  a  conglomerate, 
and  it  is  used  for  maMng  millstones.  In  many  districts  the  Bunter 
Sandstein  contains  numerous  remains  of  fossil  plants,  and  also  of 
marine  shells ;  but  the  latter  are  rare  and  confined  to  particular 
localities. 

The  sandstones  and  marls  of  this  part  of  the  series  occupy 
an  extensive  tract  of  land  in  "Western  Europe,  more  particularly 
in  France,  and  in  South-western  and  Central  Germany.  They 
are  found  in  France  on  the  flanks  of  the  Yosges  moimtains,  where 
they  overlie  the  Lower  New  red  sandstone  (there  called  "ym  de 
Voages^^),  and  again  in  sereral  parts  of  Central  France,  and  in  the 
Sub-Pyrenees. 

721.  The  Musehelkalh  is  a  compact  limestone  of  a  grey  or 
greenish-grey  colour,  and  commonly  contains  in  great  abundance 
the  remains  of  shells  and  fragments  of  radiated  animals  and  fishes. 
It  rests  conformably  on  the  underljdng  sandstones,  and  either 
forms  an  escarpment,  or  is  exhibited  in  a  range  of  high  table-land^ 
such  as  may  be  seen  in  the  north  of  Bavaria.  The  upper  beds  are, 
on  the  whole,  more  slaty  than  the  lower  ones,  but  still  contarn 
compact  limestone  bands,  characterized  by  the  usual  fossils.  In 
the  neighbourhood  of  Basle,  and  in  some  parts  of  "Wurtemberg^ 
the  lower  part  of  the  formation  consists  or  a  yellowish-colouted 
limestone,  alternating  with  thin  bands  and  veins  of  gypsum,  and 
contains  a  considerable  quantity  of  rock-salt,  differing  in  this  re- 
spect from  the  contemporaneous  formations  in  other  continental 
districts.  Lastly,  the  muschelkalk  is  occasionally  a  bituminous 
rock,  and  emits  a  fetid,  disagreeable  odour  when  rubbed  or  struck 
with  a  hammer. 

7iJ2.  The..JK9«p^,  the  uppermost  division,  called  by  the 'French 
marnes  irisees  (variegated  marls),  has  been  identified  with  the 
upper  members  of  the  New  red  saadstone  formation  in  our  own 
coimtry.  The  group  usually  consists  of  a  numerous  series  of 
mottled  marls  of  a  red,  greenish-grey,  or  blue  colour,  which  pass 
•into  green  marls,  black  slaty  clays,  and  fine-grained  sandstones. 
Throughout  the  series  common  rock-salt  and  gypsum  are  abimdant. 

Deposits  of  red  sandstone,  shale  and  conglomerate,  abounding 
with  footprints  of  birds  and  remains  of  fishes  allied  to  Falcsoniscus 
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(a  Permian  genua),  have  been  &iimd  in  Connecticut  and  Moasa- 
chussetts  in  Kew  England,  Korth  America,  and  are  referred  to  the 
triaesic  period.  Others  containing  the  remains  of  very  peculiar 
forms  of  fossil  reptiles  (Dieynodon)  have  been  met  with  in  South 

Fig.l8S.  Fig.  190. 
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723.  The  foBsila  of  the  New  red  sandstone  in  England  are  few 
and  rare,  except  in  the  case  of  the  bone-bed  above  referred  to. 
In  G-ermany,  however,  the  Mutekelkalk  is  highly  fossiliferous,  and 
remains  of  various  kinds  have  been  found  in  the  other  deposits. 
They  include  plants  in  some  abundance  in  the  Ssmer,  and  these 
are  chiefly  very  analogous  to  those  of  other  secondary  rocks,  and 
unlike  those  of  the  coal-measures.  The  Bwnter  santktein  also 
contains  vegetable  remains  distinct  &om  those  of  the  Xet^er. 
Voltzia  (fig.  18S)  is  an  extinct  genus  characteriBtic  of  this  penod. 
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Of  the  remams  of  the  lower  animals  the  most  interestiiig  are 
the  encrinites  (fig.  189),  often  very  abundant,  and  the  star-fish ; 
but  several  bivalve  shells  are  described.  There  is  also  the  Oero' 
tite  (figs.  190, 191),  nearly  allied  to  the  Ammonites,  and  showing 
a  passage  from  the  Ch/menia  and  Goniatite  to  the  more  common 
forms  in  secondary  rocks. 

A   variety   of  Fig.  192. 

interesting  fishes 
have  been  met 
with  in  the  Mus- 
chelkalk,  and 
numerous  frag- 
ments of  a  very 
singular   reptile, 

resembling  a  gi-  Restored  outline  of  Labynnthodon. 

gantic  frog  (LcAyrinthodon,  fig.  192).  The  footprints  not  only  of 
this  but  of  many  other  reptues  have  also  been  detected  in  the 
sandstones  of  this  period,  and  the  remains  of  the  Dic^nodon,  with  its 
singular  tusks  and  tortoise-like  peculiarities,  are  worthy  of  notice. 
The  footprints  of  birds  have  been  noticed  above,  and  are  chiefly 
abundant  in  America.  Teeth  and  fragments  of  bone  of  small 
mammalian  quadrupeds  of  at  least  two  species  have  been  dis* 
covered  near  Stuttgard,  in  beds  at  the  top  of  the  Triassic  series. 

724.  The  New  red  sandstone  series  is  remarkable  for  containing 
very  large  deposits  of  rock-salt,  associated  with  gypsum  and  red 
and  mottled  clay,  and  sandstone.  In  Cheshire  two  such  beds 
are  worked,  the  thickness  reaching  to  100  feet.  They  are  not 
traceable  to  any  great  distance,  but  the  saliferous  area  i&  more 
than  150  miles  in  diameter. 

The  Liassic  series. 

725,  The  Lias  of  England  consists  of  strata  in  which  an  argil- 
laceous character  predominates  throughout,  but  which  are  also  re- 
markable for  a  quantity  of  calcareous  matter  mingled  with  the 
clay,  and  forming  occasional  bands  of  argillaceous  limestone.  A 
few  beds  of  sand  alternate  with  the  clay  and  marl,  and  are  some- 
times mixed  with  the  latter,  forming  a  marly  sandstone  of  a  white 
or  greenish  colour. 

Considered  as  a  formation,  the  Lias  in  England  mav  be  traced 
in  a  north-easterly  direction  from  Lyme  Eegis  on  the  coast  of 
Dorsetshire,  where  it  is  displayed  along  a  line  of  cliffs  extending 
for  about  four  miles,  to  the  coast  of  Yorkshire  near  Whitby.  It 
consists  throughout  of  the  same  beds  of  marly  limestone,  and  from 
Gloucester  northwards  is  remarkablv  regular,  presenting  an  ave- 
rage and  nearly  uniform  breadth  of  aoout  six  miles,  being  covered 
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up  on  the  east  by  tlie  escarpment  of  the  Oolites,  and  the  New  red 
sandstone  coming  out  from  beneath  it  on  the  west.  Its  thickness 
is  about  600  feet;  it  is  little  disturbed,  and  has  a  regular  dip, 
being  conformable  to  the  underlying  and  overlying  strata,  except 
where  it  comes  in  contact  with  the  Carboniferous  limestone  in 
Glamorganshire  and  Somersetshire.  It  is  partially  affected  by  the 
faults  and  disturbances  of  those  districts. 

The  Lias  forms  for  the  most  part  broad  and  level  plains  at  the 
foot  of  the  Oolitic  hills,  only  a  slight  escarpment  being  visible  in 
the  southern  counties,  although  this  becomes  more  prominent  on 
the  borders  of  Nottinghamshire  and  Leicestershire,  where  it  forms 
a  well-marked  range,  known  as  the  "Wold  hijls.  It  also  occurs 
occasionally  on  the  brow  of  tolerably  steep  escarpments  in  the 
Mendip  hills ;  but  its  maximum  of  elevation  falls  short  of  500  feet 
above  the  level  of  the  sea. 

726.  The  great  mass  of  the  lower  division  of  the  Lias  is  found 
in  the  middle  of  England,  and  consists  of  thick  beds  of  dark- 
coloured  and  finely  laminated  shale,  in  which  are  calcareous  bands 
and  concretions.  These  lower  lias  shales  form  the  base  of  the 
series,  and  graduate  downwards  into  a  whitish  sandstone,  belong- 
ing to  the  uppermost  beds  of  the  New  red  svstem^  The  transition 
is  different  again  at  Lyme  Eegis  in  the  south  of  England.  Marls  of 
a  light  bluish  colour  there  represent  the  upper  beds  of  the  New  red 
sandstone  and  pass  into  the  Lias  limestone  by  a  succession  of  dark 
slaty  marls,  wmch  are  overlaid  by  a  number  of  grey  calcareous 
beds,  and  these  again  by  other  slaty  marls  of  the  upper  series. 
The  marlstone  and  Upper  lias  shales  are  not  present  in  this  part 
of  the  deposit  in  their  ordinary  form. 

727.  The  principal  locality  of  the  middle  beds  of  the  Lias  is  the 
neighbourhood  of  Cheltenham,  where  the  Marlstone  of  Dumbleton 
hill  is  crowded  with  interesting  organic  remains.  It  is  made  up 
of  alternating  layers  of  coloured  clays  and  sands,  which  are  occa- 
sionally calcareous,  and  of  beds  of  impure  limestone. 

This  part  of  the  series  is  also  represented  in  the  north  of  En- 
gland, where  it  has  an  average  thickness  of  about  130  feet,  and  con- 
sists of  sandy  shales,  of  which  the  upper  portions  are  distinguished 
by  the  presence  of  several  bands  of  argillaceous  irony  nodules. 

728.  The  Ujpper  lias,  or  Alum  shale,  is  best  seen  at  Whitby, 
and  on  the  Yorkshire  coast,  and  it  attaina  there  a  considerable 
thickness.  The  lower  part  includes  soft  shales,  extremelv  fossili- 
ferous,  which  are  separated  from  the  uppermost  beds,  also  com- 
posed of  incoherent  slaty  beds,  by  an  intermediate  stratum  of  hard 
shale,  about  30  feet  thick,  containing  a  quantity  of  the  mineral 
caXLedjet,  and  al%),  occasionally,  large  fragments  of  the  bituminized 
wood  of  coniferous  trees.     The  jet  itself  is  but  a  peculiar  form  of 
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carbon,  and  there  can  be  little  doubt  that  it  is  of  organic  origin. 
The  upper  shales  of  the  Lias,  both  on  the  coast  of  Yorkshire  and 
at  Lyme  £egis,  have  yielded  the  most  remarkable  and  intereeting 
of  those  fosad  remains  of  extinct  animals,  for  which  the  formation 

is  so  celebrated.  The  diH-k  bluiah-grey  colour  united  with  the 
singular  riband-like  atructure — ^whence  the  name  of  lias  or  lat/erg 
was  probably  derived— is  more  particularly  remarkable  in  the 
upper  beds  of  the  formation,  and  is  well  seen  at  Lyme  Begia, 
Wnitby,  and  Barrow-upon-Soar,  in  Leicestershire. 

729.  On  the  continent  the  Lias  is  frequently  found,  the  upper 
beds  resembling  those  developed  in  England ;  the  middle,  how- 
ever, are  usuaOy  more  calcareous,  aud  the  lower  more  sandy,  and 
these  latter  sometimes,  es  in  Belgium,  pass  insensibly  iato  the 
Upper  New  red  sandstone.  The  town  of  Lusembui^  is  built 
upon  a  hard  sandstone  of  this  kind.  The  Lias  in  the  Jura  is  un- 
conformable to  the  Oolites.  The  sandstones  of  the  Lias  are  some- 
times used  as  building-atones.  The  coal-field  of  Biuhmond  in  Vir- 
ginia, U.S.,  is  considered  to  belong 'to  the  Liaasic  period,  as  the 
fosail  fiah  found  in  it  are  referred  to  a  genus  peculiar  to  this  aeries. 

730.  The  Lias  is  a  formation  exceedingly  rich  in  fossils;  and 
amongst  them  are  representatives  of  alt  the  principal  natural 
groups.  Fragments  of  wood  bored  by  marine  anunals  are  found  in 
Enguind,  and  various  Cycada,  as  well  as  Equisetum  and  Peeopterit, 
in  the  AmericMi  representative  ^-  ^gg 
i1f<ni->Bifs      Corals  are  rare  and 


of  email  aize.     Encrinites  a 

numeroua  and  abundant,  es|>e- 

ciaJly  the  Pentacrinite,  which 

attached  itaelf  to  floating  wood. 

Badiated    animals    of   other 

kinde  characterize  parts  of  the 

deposits,  and  of  these  the  Bia- 

i^ma  (fig.  193)  is  an  example.  Diid™.  Kriaic 

A  star-fish,  c^ed  Ophtod^-ma,  is  also  common  in  the  marlstone. 

Insects  and  Crustaceana  have  been  frequently  found. 

Both  univalve  and  bivalve  shells  of  varioua  kinds  arc  chwac- 
teristic  either  of  the  whole  deposit,  or  of  different  beds.  The 
i^iW/V  Walcoti  {fig.  194)  is  one  of  the  later  species  of  a  genus 
represented  far  more  abundantly  in  older  deposits,  while  the 
Ptictttula  (fig.  195)  and  Flagiostoma  (fig.  197)  are  mnong  the 
ancient  representatives  of  more  recent  forme.  The  Pecten  (fig.  196) 
ia  an  example  of  similar  kind ;  and  the  Ammonite  and  Bel&mnite 
(figs.  198, 199)  are  eminently  characteristic  cephalopodous  aheUs, 
infinitely  abundant  during  the  deposit  of  the  I^as,  and  acutely 
less  so  during  great  part  of  the  OoEtie  period.    Above  170  species 
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of  molluaea  have  been  deBcribed  from  British  localities  only,  of 
which  as  many  aa  aeventy  are  Ammonitee. 

731.  Fishes  remains  are  common  in  some  parts  of  the  Lias  and 
as  many  sa  sufcy  species  in  all  have  been  described :  of  these  many 
5%- 194^  Pig.  198. 


Fit.  IM-  Snirifer  W^coti. 
.,  191.  Plicatula  iplnon. 
„    IBS-  Fecten  Lugdunmi 


g.  ID7'  Fbgioiloiiu  glginteuia. 
19O-  BelonntteB  putUifonnu. 


resembled  the  shark,  but  none  seem  to  have  attained  very  gigantic 
proportions.  This,  however,  was  not  the  case  with  the  Eeptiles, 
which  during  the  period  in  question,  were  equally  remarkable  for 
their  large  size,  voracious  habits,  and  in(»%dible  abundaace.  Many 
species  belougic^  to  natural  orders  of  these  animals  long  since 
lost,  were  then  widely  dispersed ;  and  many  other  species  existed 
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of  genera  now  common  in  distant  parts  of  the  world.  The  flying 
reptile  (fig.  200)  is  a  striking  instance  of  anomalous  structure. 
The  marme  monsters  named  Ichthyoscmrus  and  FlesioscnurM 
(fig.  201)  are  other  examples,  and  have  been  frequently  describedv 


Fig.  200. 


Restored  ikeletoii  of  Pterodsctjl. 


The  remains  of  species  referred  to  no  less  than  twenty-three  g^iera 
of  these  animals  have  been  found  in  England  alone*. 

Kg.  201. 


Restored  outline  of  Plesiosanrus. 

7B2«  Among  the  important  beds  of  coal  of  the  Secondary  period, 
are  those  near  Eichmond  in  Eastern  Virginia,  United  States,  of 
which  a  section  is  represented  in  the  annexed  dia^m  (fig.  202). 
The  whole  productive  area  has  been  estimated  at  about  185  square 
miles,  but  the  depth,  except  at  the  outskirts,  is  not  known.  The 
coal  occurs  at  the  base  of  a  large  series  of  granitoid  and  quartzose 
sandstones  and  coarse  grit,  and  reposes  almost  directly  on  granite. 
The  whole  of  the  central  area  is  covered  by  conglomerates.  The 
number  of  coal-seams  is  at  least  three,  one  of  them  as  much  as  30 
or  40  feet  thick,  the  uppermost  being  the  most  important.  The 
total  thickness  of  coal  varies  from  11  to  40  feet,  according  to  the 

*  Extremely  interesting  and  very  carefully  constructed  representations  of  these  and  other 
extinct  animals  are  to  be  found  in  the  gardens  of  the  Crystal  Palace  at  Sydenham,  and  are 
worthy  of  carefiil  study «. 
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inequalities  of  the  floor.  The  qualitj  of  the  coal  is  bituminous 
and  good.  It  has  been  long  and  extensively  worked,  Philadelphia 
alone  having  taken  10,000  tons  annually,  as  it  is  valuable  for  the 
manufacture  of  gas.     Several  accidents  have  happened  in  working 


Granite. 


Deep  workings, 
880  ft 


Granite. 


Section  of  the  Bituminous  Coal-field,  Richmond,  Eastern  Virginia,  U.S. 

it  from  explosions  of  the  gas.     Some  of  the  mines  contain  water, 
but  others  are  dry. 

733.  "  The  coal  ot  Eastern  Yirginia,  although  derived  from  a  different  vege- 
tation from  that  of  the  ancient  carboniferous  period,  resembles  very  closelj  the 
older  coal  in  structure,  appearance,  and  composition.  That  of  the  Blackheath 
mine  has  usually  a  highly  resinous  lustre  and  oonchoidal  fructure,  and  always 
contains  at  least  as  lai^e  a  proportion  of  gaseous  or  volatile  ingredients 
(hydrogen,  oxygen,  and  nitrogen)  as  the  coal  of  the  palteozoic  rocks  of  the 
United  States. 

"  The  coal  is  also  divided  into  horizontal  layers  of  slight  thickness  parallel  to 
the  planes  of  stratification,  as  in  the  older  kinds  of  coal.  Sometimes  these 
layers  consist  alternately  of  highly  crystalline  and  resinous  coal  with  a  bright 
lustre,  and  of  other  portions  exactly  resembling  charcoal  in  appearance*." 

The  Oolitic  or  Jv/rassic  aeries, 

734.  This  great  series  of  deposits  is  divided  naturally  in 
England  into  twoparts,  the  upper  including  the  Portland  beds 
reposing  on  the  Eammeridge  clay,  and  the  Oxford  clay  covered 
by  the  Coral  rag,  while  the  lower  (or  G-reat  Oolite  series)  is  more 
varied,  and  includes  numerous  bands,  chiefly  calcareous,  but  many 
of  them  sandy  and  some  clayey.  The  upper  portion  is  covered  by 
a  very  remarkable  development  of  freshwater  beds. 

The  general  appearance  of  the  Oolites  in  England  may  be  described  as  con- 
sisting of  three  ridges,  running  north-east  and  south-west  (or  rather  north- 
north-east  and  south-south-west)  with  three  extensive  and  rich  plains  inter- 
vening. The  ridges  are  formed  by  escarpments  of  the  hard  limestone  beds, 
while  the  plains  are  occupied  by  softer  and  less  coherent  clays  and  shales  alter- 
nating with  them.  The  lowest  deposits  lap  over  the  great  plains  of  the  Lias  on 
the  west,  and  on  the  east  the  Lower  greensand  usually  forms  a  low  escarpment, 
capping  those  beds  of  the  Oolitic  series  that  are  locally  uppermost.  In  the 
centre  of  England,  the  upper  beds  of  the  series  are  usually  absent;  in  the  west, 
and  in  the  vicinity  of  Bath,  the  whole  sequence  is  nearly  perfect ;  in  the  south 
the  lower  limestones  form  the  principal  escarpment,  idthough  the  upper  beds 

*  Lyell  on  the  Coal-fieldB  of  Eastern  Virginia.    Quarti  Geol.  Joum.  vol.  iii.  p.  26) . 
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occupy  an  important  place  in  the  sequence ;  and  lastly,  in  the  north,  it  is  chiefly 
the  central  portion  of  the  system  that  is  developed,  the  calcareous  part  of  it  there 
attaining  its  TrntTimnm  of  thickness  and  importance. 

735.  Thb  Loweb  Oolites. — This  extensive  series  admits  of 
considerable  subdivision  in  the  British  Islands,  but  the  detaQs 
seem  to  be  rather  of  local  than  general  interest,  and  though  par- 
tially extending  to  Normandy,  are  by  no  means  universal  in  other 
parts  of  Europe. 

The  following  appears  to  be  the  most  complete  grouping  of  the 
different  beds  that  can  at  present  be  given : — 

'Combrafih. 
Forest  marble. 
Upper  division  '^  Bradford  clay. 

I  Great  oolite. 
I^Stonesfield  slate. 

{ruller's  earth. 
Inferior  ooHte. 
Dundry  beds. 

736.  The  Inferior  oolite  includes  a  thickness  of  about  40  or  50 
feet  of  calcareous  freestone  of  oolitic  structure,  quarried  for  various 
purposes  at  Dundry  Hill,  near  Bristol,  and  Doulton  Hill,  near 
Shepton  Mallett,  and  also  near  Cheltenham.  A  considerable  pro- 
portion of  siliceous  sand  is  sometimes  mixed  with  the  stone,  and  the 
series  terminates  downwards  with  a  slightly  micaceous  yellow  sand, 
often  friable  and  incoherent.  These  beds  pass  into  the  lias.  The 
inferior  oolite  is  not  generally  very  valuable  for  building  purposes. 
The  following  shells  are  regarded  as  characteristic : — Terebratula 
iVinbria^  JRhynchonella  spinosa,  and  IPJwhidoin^aJidicula,  Plev/rotO' 
ma/ria  (fig.  203)  is  a  very  common  genus ;  Ammonites  sti^iatultM  (fig. 
204)  is  common  to  the  Inferior  oolite  and  the  Lias ;  TerehrattSa 
glohata  (fig.  205)  is  very  abundant  in  the  upper  part. 

737.  The  Inferior  oolite  is  separated  from  the  Q-reat  oolite  by 
a  series  of  marly  beds,  containing  a  particular  kind  of  clay  used  in 
the  manufacture  of  cloth,  and  called  "  Fuller'' s  ea/rth^^  and  also  a 
thin  bed  of  calcareous  flag-stone,  known  as  the  "  Stone^eld  slate, ^* 
The  former  stratum,  the  Fuller's  earth*,  is  chiefly  found  at  Odd 
Down,  and  on  the  side  of  Midford  Hill  near  Bath ;  but  it  forms 
only  a  small  and  unimportant  member  (geologically  speaking)  of 
the  argiQaceous  deposit  beneath  the  Great  oolite.  A  small  oyster 
(fistrea  acuminata)  is  very  abundant.  The  Stonesfield  slate  occurs 
in  two  beds,  separated  by  a  loose  calcareous  sandstone,  and  is 
worked  for  flagstones  and  tiles  near  the  village  of  Stonesfield  in 
Oxfordshire ;  and  beds  of  the  same  age,  somewhat  similar,  and  also 

*  Fuller's  earth  of  a  superior  kind  is  also  found  and  worked  in  the  liOwer  greensand  deposit* 
at  Nutfield  near  Rdgate  m  Surrey. 
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^*^eTOU8,jjccur  at^  Colley  Weaton,  a  Tillage  near  Stamford  in 

""*■  "    "*■      '''""    ""  '   "e  of  the  StoneBfield  fossils 


B^orthamptoDshjre.    The  most  rema-kable 
Pig.  204, 


f  marsupial  quadrupeds,  part  of  one  of  which  is 
shown  in  fig,  207,     The  lower  jaws  of  seven  individuids  referred 


Double  the  ntura]  Bit. 

to  two  distinct  genera  have  been  examined,  and  a  third  genua 
(Stereogtiaikwi)  has  recentiv  been  noticed.  The  imi'nift.lH  appear  to 
have  been  insectivorous.  Besides  these  fossils  manj  fragments  of 
insects  have  been  found,  and  the  bones  of  a  gigantic  laud  reptile,  the 
Megalosatirwa,  of  carnivorous  habit,  besides  the  remains  of  Ptero- 
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dactyl,  a  singular  winged  reptile  already  mentioned.  The  last- 
named  genus  ranges  through  the  whole  Jurassic  series  into  the 
Cretaceous*. 

738.  The  Great  oolite  consists  of  a  variable  series  of  coarse 
shelly  limestones,  alternating  with  beds  of  fine  soft  freestone 
devoid  of  fossils,  and  admirably  adapted  for  building  purposes. 
The  lowermost  strata  are  fine-grained,  scarcely  Oolitic,  and  ahnost 
crystalline  in  their  structure.  Overlying  these  are  shelly  lime- 
stones^ and  coarse  freestone ;  and  upon  them  rests  the  well-known 
"  Bath  oolite."  The  upper  beds  afford  a  number  of  alternations  of 
hard  and  coarse  limestones,  of  a  yellowish-white  colour  and  highly 
fossiliferous,  some  of  which  supply  good  building  material. 

739.  In  Yorkshire  this  part  of  the  series  consists  of  nodules  of 
ironstone  overlying  hard  blue  and  fine-grained  limestone,  the  whole 
series  being  non-fossiliferous,  with  the  exception  of  fragments  of 
bone  and  the  shells  of  marine  mollusca,  around  which  ironstone 
nodules  have  formed.  The  hard  limestones  are  extremely  durable, 
and  have  been  found  well  adapted  for  various  economical  pur- 
poses ;  more  especially  for  works  exposed  to  the  beating  of  the 
waves,  where  smoothness  of  surface  is  not  required. 

740.  The  Bradford  clay  is  nearly  of  the  same  age  as  the  Great 
oolite,  but  apparently  a  little  newer.  It  is,  however,  not  unfre- 
quently  the  only  representative  of  this  part  of  the  series.  It 
consists  usually  of  a  pale  greyish  clay,  containing  a  small  pro- 
portion of  calcareous  matter,  and  enclosing  thin  slabs  of  tough 
brownish  limestone.  Its  thickness  appears  never  to  exceed  60 
feet;  it  is  often  entirely  absent,  and  at  other  times  is  so  obscurely 
interstratified  with  the  underlying  Fuller's  earth,  or  the  overlying 
Forest  marble,  as  to  be  scarcely  recognizable. 

The  Bradford  clay  is  particularly  remarkable  for  the  abundance 
of  a  peculiar  fossil,  the  Apiocrinite,  whose  remains  are  usually 
founa  in  groups,  the  stems  of  the  Encrinites  being  attached  to  the 
thin  bands  of  mnestone  interstratified  with  the  clays.  Terehratula 
digona  (fig.  142),  T  coarctata,  and  some  other  shells  are  charac- 
teristic of  this  part  of  the  series. 

741.  The  JEhrest  marble  comes  next  in  order.  It  consists  of 
carbonate  of  lime,  sometimes  crystalline,  and  sometimes  marly,  in- 
eluding  about  25  feet  of  workable  stone.  Organic  remains  occur  in 
it  in  such  abundance  as  often  to  make  up  the  whole  substance  of 
the  stone.  It  is  replaced  in  the  north  of  England  by  sandstones 
and  shales,  which  are  sometimes  carbonaceous.  The  "  Calcaire  a 
polypiers  '*  of  Normandy  is  a  coraUine  bed  of  the  same  age. 

742.  The  Oombrash  (the  uppermost  bed  of  the  Lower  oolites) 
consists  of  a  variable  thickness  of  clays  and  sandstones,  which 

*  Restorations  of  theie  animals  are  in  the  gardens  of  the  Crystal  Palace  at  Sydenham. 
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ultimately  pass  into  a  thin  rubbly  stone,  tough  and  occasionally 
crystalline,  capping  the  escarpment  of  the  Lower  oolites,  but 
frequently  absent,  or  appearing  only  as  an  imperfect  outlier.  Its 
name  is  probably  derived  from  the  excellence  of  the  com  land 
which  results  from  the  decomposition  of  the  limestones,  and  their 
mixture  with  the  sandstones  and  clay.     . 

743.  The  representative  of  the  Lower  oolitea  in  Prance  is  the 
(hen  limestone^  which  is  of  a  well-known  pale  creamy  colour,  and 
has  considerable  range.  It  forms  extensive  plaLns  in  Normandv : 
it  lies  nearly  horizontal,  and  is  ofben  exhibited  in  section  on  the 
banks  of  rivers,  from  which  it  is  worked  iii  numerous  horizontal 
galleries.  Associated  with  the  limestone  there  is  found  silex, 
chiefly  in  the  form  of  black  or  yellowish  flints,  which  are  occa- 
sionaLLy  stratified,  as  in  chalk,  but  sometimes  disseminated  through 
the  mass :  in  the  upper  part  of  the  group  fossils  are  extremely 
abundant,  and  a  very  considerable  number  of  interesting  organic 
remains  of  flshes  and  reptiles  occur  in  the  lower  beds,  which  pro- 
bably correspond  with  our  Stonesfleld  slate.  The  buildiug-stone 
is  of  admirable  quality,  soft  in  the  quarry,  of  a  delicate  imiform 
cream  colour,  and  extreme  fineness  of  texture.  It  hardens  bv 
exposure,  though  not  till  after  some  years,  and  has  been  very  mucn 
used  for  many  centuries,  not  only  for  the  churches  and  public 
buildings  of  Normandy  and  the  north  of  Erance,  but  also  in  other 
countries  to  which  it  is  stiU  exported  in  lar^e  quantities.  Below 
the  limestone  are  3  or  4  feet  of  yellowish  urony  calcareous  grit^ 
very  fossiLiferous,  and  representing  the  Inferior  oolite  of  England* 

744.  The  Yorkshire  UoHtic  coal-field  contains  only  a  few  thin 
seams  of  carbonaceous  matter,  of  very  irregular  quality,  but  has 
been  worked  for  more  than  a  century,  and  has  yielded  a  good  deal 
of  coal.  The  beds  overlie  the  Lias  near  Whitby,  and  have  been 
traced  to  some  distance  in  the  interior,  the  area  being  estimated 
at  about  100,000  acres.  Some  parts  of  the  deposit  contain  a  coal 
which  bums  freely,  with  comparatively  little  ash ;  but  the  greater 
portion  can  only  Be  used  for  uiferior  purposes. 

.  745.  The  Brora  coal  is  of  doubtful  geological  age,  but  has  been 
generally  considered  as  more  nearly  allied  to  the  lower  than  to  the 
upper  part  of  the  oolitic  series.  It  has  been  mined  for  more  than 
250  years,  and  appears  to  consist  of  two  workable,  and  several 
smaller  seams,  the  main  seam  being  3^  feet  thick,  and  worked  in 
one  pit  at  a  depth  of  250,  and  in  another  at  338  feet.  The  quality 
of  the  coal  is  bituminous,  it  has  a  cubical  fracture,  and  bums  to  a 
white  ash.  The  total  quantity  is  not  large,  but  upwards  of  70,000 
tons  were  obtained  from  cme  pit  between  the  years  1814  and  1826. 
The  Lower  oolites  are  represented  in  Germany  and  also  in 
Bussia,  and  probably  in  the  Caucasus.    The  greater  part  of  the 
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Alpine  chain  is  of  the  same  date ;  but  in  these  cases  the  true 
oolitic  character  is  generally  absent. 

746.  India  contains  a  large  series  of  deposits  which  are  now 
without  much  hesitation  referred  to  the  Oolitic  or  Jurassic  period, 
although  the  exact  relations  of  the  beds  with  known  European 
types  are  not  very  clear.  They  are  regarded  by  Mr.  Hislop  as 
including  four  groups,  the  lower  of  which  are  marine,  and  may  be  of 
the  Liassic  or  even  Tnassic  period,  while  the  upper  sirrata  are  lacus- 
trine, and  only  reach  to  the  lower  ooUte.  The  series  is  described 
as  seen  in  Nagpur,  but  extends  to  TJmret,  120  miles  to  the  north, 
and  wiU  form  a  useful  ffuide  in  further  investigations. 

These  deposits  are  of  great  interest,  as  including  amongst  them 
and  marking  the  age  of  some  of  the  principal  coal-fields  of  India, 
which  thus  prove  to  be  more  nearly  contemporaneous  with  the 
Yorkshire  ooUtic  coal-field  and  that  of  Bichmond  in  Virginia, 
than  with  the  more  ancient  carboniferous  deposits  of  Europe  and 
North  America.  The  whole  of  the  Eastern  coal  south  of  China, 
including  possibly  that  of  Australia,  may  belong  to  the  same  date. 

747.  The  Nagpur  beds*  consist  first  of  limestones  generally 
altered  and  crystalline,  and  resting  on  altered  and  plutonic  rocks. 
Over  these  limestones  are  shales,  which  are  succeeded  b^  lami- 
nated sandstones  loaded  with  vegetable  remains,  and  occasionally, 
as  at  Burdwan,  TJmret,  and  elsewhere,  containing  good  workable 
coal  in  small  patches.  On  the  top  are  thick-bedded,  coarse,  fer- 
ruginous sanostones,  with  a  few  stems  of  trees.  The  whole  are 
regarded  as  forming  one  series,  and  this  series  is  considered  con^ 
temporaneous  with  the  diamond  sandstone  of  Southern  India, 
whose  position  was  at  one  time  assumed  as  FalaBOZoic. 

748.  The  principal  Indian  coal-fields  appear  to  be  contained  in 
hollows  or  basin-shaped  depressions  in  gramtic  and  gneissose  rocks, 
and  occur  chiefly  between  the  valley  of  the  Qanges  and  a  moun- 
tain range  at  some  distance  to  the  south,  being  situated  in  the 
northern  and  central  parts  of  the  peninsula.  The  associated  beds 
consist  of  limestones,  often  poor  and  argillaceous ;  sandstones  of 
various  kinds ;  clayey  and  shaly  beds,  and  bands  of  ironstone. 
The  coal  is  in  layers  of  various  thickiiess,  sometimes  very  con- 
siderable, but  more  fi^quently  small  and  irregular. 

The  limestone  is  said  generally  to  underBe  the  coal ;  but  its 
thickness  is  not  known,  nor  are  there  any  clear  and  distinct 
accounts  by  which  it  can  be  identified.  It  is  for  the  most  part 
barren  of  fossils. 

The  coal  and  shale  appear  to  be  associated  much  as  in  the  other 
coal-distiicts,  and  contam  fossils.    The  shale  appears  to  become 

*  Nagpur  is  in  Northern  In^a,  about  midway  between  Bombay  and  Calcutta.    The  town  ia 
situated  onj»  branch  of  the  Grodavery  in  lat.  21<?  N.  and- long.  79"  E. 
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gritty  in  its  upper  members,  passing  into  a  gritty  micaceous 
brownish-grey  sandstone,  sometimes  flaggy.  This  sandstone  is 
said  to  be  the  surface  rock  generally  in  the  coal-districts,  and  it 
forms  low  round-topped  hills  and  undulated  ground. 

The  coal  of  best  quality  in  India  is  considered  to  be  that  lowest 
in  position ;  and  the  varieties  occurring  east  of  Bengal  in  Assam 
are  said  to  be  better  than  those  met  with  in  the  western  district. 
The  Silhet  and  Nerbudda  are  accounted  the  best  of  all. 

749.  The  coal-districts  of  India  may  be  considered  as  five  in 
number, — three  in  Northern  India,  one  in  Cutch,  and  the  fifth  in 
the  province  of  Arracan  and  on  the  coast  of  the  Burman  Empire 
near  Tennasserim.  Of  these  the  Cutch  coal  appears  to  be  of  little 
importance  and  unpromising. 

The  whole  district,  extending  from  the  neighbourhood  of  Hoo- 
sungabad  on  the  Nerbudda  river  (lat.  23*^  N.  long.  78°  B.),  on  the 
left  or  south  bank  of  the  river,  and  extending  in  a  north-easterly 
direction  for  a  distance  of  about  400  miles  to  Palamow,  thence 
eastward  for  250  miles  to  Burdwan,  near  Calcutta,  and  run- 
ning northward  for  150  miles  to  Bajmahal,  exhibits,  at  inter- 
vals, a  continually  repeated  outcrop  of  rocks,  consisting  of  sand- 
stones and  shales,  with  occasional  limestone.  Throughout  this 
wide  tract  a  number  of  beds  of  coal  have  been  recognized,  of  vari- 
able thickness  and  value,  but  all  appearing  to  exhibit  evidence  of 
the  existence  there  of  a  great  coal-district. 

750.  On  the  flanks  of  the  Garrow  Mountains  near  the  Burham- 
pooter,  and  on  both  banks  of  that  vast  river,  is  another,  or  perhaps 
a  continued  outcrop  of  similar  beds,  also  containing  coal,  and  ex- 
tending in  a  north-easterly  direction  for  nearly  400  miles.  The 
intermediate  plains,  whose  Dreadth  between  Bajmahal  and  Jumal- 
pore  is  about  100  miles,  are  chiefly  alluvial,  and  thus  there  would 
seem  to  exist  a  vast  range  of  carboniferous  strata,  reaching  for 
upwards  of  1000  miles  dong  the  flanks  of  the  Himalaya  moun- 
tains,— ^the  distance  from  the  mountain  chain  gradually  increasing 
as  we  advance  westward,  the  mountains  trending  northwards  an5 
the  outcrop  of  the  carboniferous  beds  southwards,  until  finally,  the 
distance  between  them  being  upwards  of  500  miles,  the  relation  is 
not  easily  recognized. 

751.  Commencing  with  the  neighbourhood  oj  Calcutta,  we  have 
first  the  Burdwan  coal-district,  with  which  may  be  grouped  the 
Adji  and  the  Bajmahal  fields,  all  these  being  on  the  banks  of 
either  the  Hooghley  or  Gttnges,  or  on  the  tributaries  of  those  rivers. 
The  Burdwan  district  has  been  long  known,  and  a  good  deal 
\50rked.  The  workable  beds  of  coal  are  9  and  7  feet  thick  respect- 
ively. They  are  associated  with  sandstone,  shale,  and  a  little 
clay-ironstone,  and  about  six  other  thinner  seams  of  coal,  while 
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other  thick  beds  are  mentioned.  There  are  many  spots  at  which 
this  coal  is  mined.  The  distance  to  Calcutta  is  about  ninety 
miles,  but  the  actual  transit  of  coal  is  nearly  200  miles.  There 
would  seem  to  be  a  continuous  outcrop  of  the  same  kind  of  rocks 
from  Burdwan  up  the  Adji  river,  and  northwards  to  Eajmahal. 
On  the  Adji  river  the  coal  has  been  worked  in  more  than  one  spot, 
and  is  found  to  be  of  about  the  same  quality  as  that  of  Burdwan ; 
but  neither  of  them  is  considered  of  nearly  so  good  quality  as  the 
English  coal.  Further  on,  at  Eajmahal,  coal  is  known  to  exist,  but 
has  not  yet  been  much  worked.  The  quality  of  that  which  has 
been  obtained  does  not  appear  good. 

752.  The  Burdwan  coal-field  appears  to  be  directly  connected 
with  a  district  at  Palamow,  in  which  coal  has  been  worked  in  no 
fewer  than  four  places.  The  coal  here  apparently  reposes  in  a  vaUey 
enclosed  by  hills  of  granite,  and  is  associated  with  a  good  deal  of 
iron.  There  are  sevenil  beds  of  workable  size,  but  a  good  deal  of  the 
coal  is  heavy  and  of  inferior  quality,  and  some  of  it  appears  to  be 
anthracitic.  These  coal-beds  are  not  far  from  the  Soane  river,  and 
about  100  miles  from  its  confluence  with  the  Granges  a  little  above 
Dinapoor  and  Fatna ;  but  the  Soane  is  not  at  present  navigable. 
To  the  west  of  Palamow  the  carboniferous  beds  are  described  as 
appearing  along  two  irregular  lines,  the  one  towards  the  south-west 
for  150  miles,  reaching  beyond  Koorbah,  and  the  other  more  west- 
ward, by  Sohagepoor,  to  the  Nerbudda.  These  beds  appear  to  con- 
nect themselves  with  the  Burdwan  coal-field ;  and  near  Eamurgh 
coal  has  been  obtained  in  two  or  three  places.  This  coal  is  said 
to  be  of  very  good  quality,  and  the  seam  is  of  very  considerable 
thickness.  Westwards,  agaiu,  from  Palamow,  and  at  a  distance  of 
about  fifty  miles,  coal  has  been  found  in  several  places  in  Singrowli, 
but  the  beds  at  present  known  are  thin ;  and  again,  to  the  south- 
west, at  Sirgoojah,  where  ^e  coal  has  been  seen,  but  is  not  used 
at  present.  Between  the  Singrowli  coal  and  Jubbulpore  excellent 
coal  has  been  found  in  several  places,  indicating  an  extensive  coal- 
field ;  but  the  nature  and  thicKuess  of  the  beds  are  not  stated. 

753.  The  Nerbudda  district,  although  from  the  drainage  of  the 
countnr  it  belongs  to  the  Bombay  side  of  India,  is  manifestly  more 
related,  so  far  as  the  old  rocks  are  concerned,  to  the  Bengal  ter- 
ritory. The  coal  is  about  350  miles  from  Bombay,  and  the  Ner- 
budda  river  is  at  present  not  navigable.  There  seem  to  be  three 
districts  in  the  ff erbudda  valley  in  which  coal  is  found,  but  the 
most  important  of  them  is  that  near  Q-urrawarra,  about  midway 
between  Hoosungabad  and  Jubbulpore. '  The  coal  here  appears  to 
be  the  best  hitherto  found  in  India,  and  exists  in  beds  three  in 
number,  whose  thickness  respectively  is  said  to  be  20  feet,  40  feet, 
and  25^  feet.    There  are  also  other  beds,  one  of  which  is  4  feet. 
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The  discovery  of  this,  the  Benar  coal-field,  promises  to  be  of 
great  importance*  It  is  also  very  near  another  basin,  where  there 
are  beds  Hkewise  of  excellent  quality,  one  of  them  6  feet  in  thick- 
ness. At  Jubbulpore  coal  has  been  found  at  a  depth  of  70  feet, 
one  bed  being  nearly  12  feet  thick. 

754.  Let  us  consider  now  the  district  east  of  Calcutta.  We 
there  find  true  carboniferous  rocks  on  both  flanks  of  the  G-arrow 
mountains,  commencing  near  Jumalpore,  and  thence  continuing 
north-eastwards,  for  a  distance  amounting  on  the  whole  to  nearly 
400  miles,  through  Lower  and  Upper  Assam.  The  district  nearest 
Calcutta  is  Silhet,  on  the  south  flanks  of  the  Q-arrow,  where  eleven 
beds  of  coal  have  been  determined,  whose  total  thickness,  as 
already  ascertained,  amounts  to  85  feet.  This  coal  is  of  excellent 
quality,  and  can  as  readily  be  conveyed  to  the  Upper  Granges  as 
the  Burdwan  coal.  The  most  remarkable  beds  occur  at  Cherra 
Ponji ;  but  these  appear  irregular.  They  are  undoubtedly  of  great 
thickness  in  several  spots,  amounting  sometimes  to  nearly  30  feet. 
There  are  also  other  important  beds.  Many  of  these  have  been 
known  for  more  than  ten  years,  but  have  not  been  worked ;  and 
since  their  discovery  large  quantities  of  iron  have  been  smelted 
with  charcoal. 

.  755.  After  passing  the  districts  in  which  the  coal  has  been  thus 
clearly  exhibited,  we  proceed  next  to  the  Assam  districts,,  also 
more  or  less  continuous,  and  extending  for  about  350  miles  chiefly 
along  the  south  side  of  the  Burhampooter;  the  whole  being  divided 
into  the  two  groups  of  Lower  and  Upper  Assam,  separated  at 
Bishenath,  170  miles  above  Calcutta.  Six  coal-fields  are  enume- 
rated in  the  Upper  district,  and  three  in  the  Lower ;  but  the  latter, 
jklthough  it  would  seem  not  so  promising,  are  looked  on  as  scarcely 
less  important  in  consequence  of  their  greater  accessibility. 

Little  is  known  with  certainty  of  the  Lower  Assam  coal,  the 
indications  consisting  rather  of  rolled  fragments  drifted,  than  of 
distinct  and  well-marked  beds.  It  is  called  lignite  in  a  report 
from  Lieut.  Yetch.  Similar  beds  of  coal  or  lignite  are  also  men- 
tioned as  occurring  on  the  north  in  three  of  the  streams  flowing 
into  the  Burhampooter  fi^om  the  Bootan  range.  The  Upper  Assam 
coal  is  of  great  mterest,  and  likely  to  prove  very  important.  It 
is  associated  with  abundance  of  clay  ironstone. 

About  eighty  miles  above  Bishenath,  other  beds,  stated  to  be 
6  feet  thick,  have  been  worked  for  the  sake  of  trying  the  economic 
value  of  the  coal.  Still  further  up  the  country  there  are  several 
important  beds,  dipping  at  a  high  angle,  and  placed  unfavourably 
with  regard  to  present  means  of  transport.  Other  beds  in  this 
district  are  exposed  to  the  same  difficully. 

756,  Passing  to  the  other  districts  in  Ipdia  and  the  E«^st,  in 
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which  carbomferous  rocks  and  beds  of  coal  have  been  met  with, 
we  find  two,  the  Tennasserim  and  the  Arracan  districts,  which, 
from  their  vicinity  to  India  and  their  geographical  position,  are 
of  marked  importance.  The  former  has  been  known  for  some 
years,  and  there  are  said  to  be  four  localities  at  which  coal  ap- 
pears ;  but  of  these  only  one  seems  likely  to  prove  of  economic 
value.  These  beds  have  been  described  m  the  "  Journal  of  the 
Asiatic  Society"  for  1838,  and  may  be  tertiary  lignites. 

In  Arracan  there  are  eleven  beds  of  coal,  but  all  of  them  are 
thin,  and  their  position  nearly  vertical.  They  are  said  to  be 
associated  with  sandstones,  limestones,  and  shales ;  but  it  is  clear 
that  they  can  at  present  be  regarded  only  as  iudications,  and  not 
of  practical  importance. 

South  Africa  also  contains  on  the  Natal  coast,  and  to  a  distance 
of  twenty  to  thirty  miles  inland,  a  group  of  sandstones  and  shales 
with  trap  rock,  and  a  few  layers  of  coaly  matter,  probably  of  the 
lower  Oolitic  period;  and  there  are  other  overlying  beds  at  a  distance 
belonging  to  the  upper  part  of  the  series. 

North  America  appears  to  contain  hardly  any  beds  belonging  to 
this  part  of  the  Oolitic  period,  and  although  South  America  contaiiis 
OoHtic  deposits,  it  is  still  doubtful  to  what  part  of  the  series  they 
may  be  referred.   They  contain  some  fossils  of  considerable  interest. . 

757.  The  Upper  Oolites. — These  beds  include  an  uppermost 
group,  represented  by  the  great  freshwater  deposit  of  the  Wealden 
and  the  underlying  Furbeck  beds,  also  freshwater ;  a  second  group, 
containing  the  Portland  stone,  underlaid  by  the  Kimmeridge  clay ; 
and  a  third,  consisting  of  the  Kelloway  rock  and  Oxford  clay, 
covered  by  a  reef  bed  called  Coral  rag. 

The  Kelhwm  rock,  a  calcareous  s^atum  abounding  in  organic 
remains  and  often  entirely  made  up  of  them,  is  frequently  found 
between  the  combrash  and  the  Oxford  clay,  and  thus  forms  the 
basis  of  the  upper  division  of  the  OoUtic  system.  The  thickness 
of  this  bed  varies  from  3  to  5  feet. 

768.  The  Oxford  cloAJ  is  an  important  member  of  the  Oolitic 
series,  attaining  a  thickness  of  not  less  than  500  feet,  and  spread- 
ing over  a  great  part  of  England,  more  especially  occupying  the  fen- 
districts  in  the  counties  of  Cambridge,  Huntingdon,  and  Lincoln, 
which  appear  to  be  partly  caused  by  the  union  of  this  bed  with  the 
Kimmeridge  clay,  producing  a  vn^de  expanse  of  flat  and  undrained 
country.  The  same  deposits  are  well  seen  at  Weymouth,  and  they 
cover  an  important  part  of  the  East  Biding  of  Yorkshire.  The 
stratification  throughout  is  nearly  horizontal  and  undisturbed, 
being  conformable  with  that  of  the  formations  immediately  above 
and  below  it. 

The  Oxford  clay  is  a  stiff",  pale  blue  argillaceous  bed,  containing 
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a  large  proportion  of  calcareous  matter,  and  a  more  or  less  abun- 
dant mixture  of  iron  pyrites.  Numerous  organic  remains  are 
found  in  it,  which  are  sometimes  preserved  in  the  clay  itself,  but 
frequently  form  a  nucleus,  about  which  iron  pyrites  have  aggre- 
gated. Those  preserved  in  the  clay  are  often  iu  a  very  rotten 
condition,  but  owing  to  peculiar  circumstances,  the  softest  and 
most  easily  injured  parts  of  delicate  shells  have  occasionally  been 
found  admirably  preserved. 

759.  The  rocks  immediately  overlying  the  Oxford  clay  are  calca- 
reous and  partly  sandy, .  the  former  consisting  of  the  limestone 
called  Coratraa,  and  the  latter  {calcareaus  grii)  sandy  beds,  more 
or  less  intermixed  with  calcareous  matter,  and  containing  thin 
laminsB  of  clay  sometimes  passing  into  irregular  bands  of  hard 
and  tough  marly  rock.  This  calcareous  matter  seems  entirely  due 
to  the  presence  of  crushed  and  decomposed  organic  remains. 

It  is  chiefly  in  Wiltshire,  near  the  towns  of  Calne  and  Steeple 
Ashton,  and  in  the  surrounding  neighbourhood,  that  the  corals  of 
the  Coral  rag  are  found  in  greatest  abundance  and  perfection ; 
and  this  part  of  our  island  at  the  time  of  the  deposit  has  clearly 
existed  in  the  condition  of  a  coral  island  in  an  open  sea.  The 
thickness  of  the  bed  is  about  40  feet ;  large  portions  of  it  are 
frequently  made  up  of  the  remains  of  a  single  species,  and  an 
earthy  calcareous  ireestone,  sometimes  used  as  a  building-stone, 
and  fiiU  of  fragments  of  shells,  rests  immediately  upon  it,  and 
is  surmounted  by  a  fine-grained  ferruginous  sanastone,  slightly 
Oolitic  in  structinre. 

760.  In  the  north  of  England  the  contemporaneous  bed  is  a 
calcareous  deposit,  also  containing  corals,  but  (as  at  Malton,  in 
Yorkshire)  including  a  considerable  proportion  of  the  fossil  re- 
mains of  shells,  both  bivalves  and  univalves.  The  bed  never  loses 
its  coralline  character,  and  may,  perhaps,  represent  an  imperfect 
coral  reef,  once  extending  from  the  south-west  of  England  to  what 
is  now  the  right  bank  of  the  Humber. 

In  the  north  of  Scotland  in  various  places,  and  in  some  of  the 
Western  islands,  small  patches  of  Oolitic  rocks  have  been  traced 
referable  to  this  part  of  the  period. 

761.  In  Normandy  the  "  Argile  de  Dives  "  is  the  representative 
of  the  Oxford  clay,  but  in  Switzerland  this  division  of  the  oolites 
departs  more  widely  from  the  type  of  Western  Europe.  The  most 
important  strata  oi  which  they  are  composed  consist  first,  of  an 
oofitic  ore  of  iron,  occurring  in  beds  of  marl  and  constituting  about 
a  third  of  the  whole  thickness  of  the  group,  and,  secondly,  of  a 
bed  called  the  Neri/ruBcm  Umestone,  corresponding  to  the  Coral  rag 
of  England. 

Of  these  beds  the  one  containing  the  iron  ore  is  worthy  of  re- 
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mark  from  its  econonuc  importance,  and  it  has  been  much  worked 
for  a  long  period.  The  Nerinaean  limestone  is  also  an  interesting 
bed,  and  is  so  called  from  a  somewhat  remarkable  fossil  with  which 
it  abounds  {Nerinaa,  a  genus  of  univalve  shells  closely  resembling, 
in  external  form,  the  recent  genera  Turritella  and  Cerithitm), 
The  Oxford  clay  is  represented  m  Eussia,  and  also  in  India. 

762.  The  Kimmeridge  clay  is  of  a  blue,  slaty,  or  greyish  yeUow 
colour ;  it  firequently  contains  a  considerable  quantity  of  selenite 
or  crystallized  sulphate  of  lime ;  it  usually  effervesces  with  acids, 
and  exhibits  in  tolerable  abundance  both  vegetable  and  animal 
impressions,  although  its  fossils  are  rarely  in*  such  good  condition 
as  to  be  preservable  in  a  collection.  It  is  a  bed  of  great  thickness, 
horizontal,  or  nearly  so,  in  its  stratification,  extremely  persistent 
in  its  peculiar  mineral  and  fossil  characters,  but  not  very  exten- 
sively developed  either  in  England  or  on  the  Continent.  The 
name  Kimmeridge  clay  has  been  applied  to  it  because  it  is  well 
exhibited  at  Kimmeridge  Bay,  and  near  the  village  bearing  the 
same  name  in  the  isle  of  Purbeck.  It  contains  the  deposit  called 
Kimmeridge  coal. 

763.  The  Kimmeridge  coal  iB  nothing  more  than  a  highly  bituminous  shale 
of  rather  high  specific  gravity  (SG^=1'319).  It  is  of  dark  brown  colour,  and 
without  lustre,  efferFesces  shghtly  with  acids,  contains  no  iron  pyrites,  and 
bums  readily  with  a  yellowish,  rather  smoky,  and  heavy  flame.  It  has  been 
used  for  pottery  and  other  purposes,  but  is  not  much  worked  at  present.  Its 
position  is  in  uie  Kinuneridge  clay.  It  is  of  very  little  value,  and  does  not 
extend  widely. 

764.  The  group  of  strata  containing  the  Forthmd  stanSy  is  weU 
represented  in  Portland  Island,  and  includes  several  layers  of  coarse 
earthy  limestone,  which  rest  on  a  bed  of  siliceous  sand,  mixed  with 
green  particles.  This  is  called  the  ^Portland  sand,  and  sometimes 
attains  a  thickness  of  as  much  as  80  feet  in  the  west  of  the  island, 
and  forms  a  complete  passage  into  the  underlying  clay. 

Above  the  coarse  limestones  of  the  lower  part,  which  usually 
consist  of  alternate  hard  and  soft  layers  to  a  tmckness  of  60  or  60 
feet,  there  are  three  beds  of  serviceable  stone,  interstratified  with 
clayey  or  siliceous  bands.  These  supply  the  valuable  building 
material  so  much  used  in  London  and  so  well  known  for  its  fine 
colour,  hardness,  and  uniform  texture.  Fossils  occur  in  aU  these 
strata,  but  they  are  rare  in  those  beds  of  the  stone  which  are 
worked  to  advantage  for  economical  purposes. 

765.  Among  the  foreign  rocks  of  this  part  of  the  Oolitic  period 
are — 1st,  the  Oalcaire  de  Blarw,  on  the  coast  of  Normandy ;  2,  the 
upper  beds  of  the  Jura,  in  Switzerland ;  and  3,  the  Solenhofen 
beds.  The  first  are  of  the  age  of  the  Kimmeridge  clay,  but  far 
more  calcareous,  and,  indeed,  the  Upper  oolites  of  the  Jura  ap- 
proximate much  more  nearly  than  the  other  parts  of  the  system 
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to  the  Eitnmendge  clay  and  Fortl&nd  rocks.  The  former  bed  is 
represented  with  some  accuracj'  by  greyish  scfaietoae  marls  con- 
taming  the    Qryjihaa  vtrgula    (fig.  208), 

but  there  ia  a  prevalence  of  iron  oxide  ^"g'  209. 

in  the  deposit ;  and  about  40  feet  of  strata, 
in  which  piaolitic  ore  of  this  metal  abounds,     p-     „.„ 
appear  to  be  intermediate  between  the 
'  €fng>hisa  virgula '  marla,aad  the  overlying 
limestones  culed  Portlmdien.    This  ap-  i 
parent    peculiarity   seems    to    be    owing  I 
chiefly  to  the  action  of  some  cause  by  which 
the  iron  has  been  separated  &om  the  mass, 
and  accumulated  in  a  bed,  instead  of  being  Grypiu(»Tirgui«.       Aium 
leit  disseminated.    Throughout  the  whole 

series  the  limestones  predominate  greatly  over  the  argillaceous 
beda,  and  this  appears  to  be  strikingly  the  case  in  the  Jurassic 
district  of  the  mountain  chain  of  the  Alps. 

766.  The  sequence  in  the  north  and  centre  of  Germany  is  nearly 
the  same  as  in  the  Jura,  except  that  the  subdivisions  are  not  so 
strongly  marked,  and  that  we  find  there  a  bed  of  great  economicid 
importance,  namely,  an  exceedingly  fine-grained  fissile  limestone 
of  a  rich  cream  colour,  abounding  in  inter^ting  fossils,  chiefly  met 
with  in  the  north  of  Savaria,  neai'  the  towns  of  Solenbo&n,  Fap- 
penheim,  &c.,  and  exported  to  most  parts  of  Europe  for  the  pur* 
poses  of  lithography'. 

On  the  ba^B  of'^the  Douetz  in  South  Bussia  there  are  beds  of 
Oolitic  limestone  of  light  yellow  colour,  which  appear  to  belong 
to  this  division  of  the  secondary  series. 

767.  The  fossils  of  Pig.  210. 
the  mudne  beds  of 

the  Upper    Oolites 
are    locally    distri- 
buted, often  depend- 
ing more  on  the  na-  j^  3^ 
ture  of  the  deposit  _^^ 
thtm  on  its  exact  po-  flB 
aition.     The  Oxford  a  ^^^ 
clay   abounds    with  ^^^ 
Ammomtes  and  Be-  Ef^ 
lemnites,  the  former  ^5*^ 
exhibiting  frequent-  '^tog 
ly  the  deucate  horn-  Ancjioteiu  1 
like  projection  at  the 

extremity  which  in  AnunoniiM  Jmoo. 

other  rocks  is  crushed  and  lost.     The  species  figured  in  the  annexed 
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cut  {Ammonites  Jason,  fig.  210)  is  oue  common  enough  in  these 
beds.  The  Ancyloceras  (A.  calloviensis,  fig.  211)  is  an  open  Am- 
monite. Belemnites  are  also  found  with  the  extended  conical 
shell  or jphr^mocone,  as  well  as  the  harder  and  more  solid  extre- 
mity* The  Eimmeridge  clay  contains  several  species  of  Ostrea 
and  OryphjBa,  amongst  which  the  Oiyphwa  virgula  (fig.  208)  is  so 
abundant  in  parts  of  France  that  the  fields  are  fre<][uently  covered 
with  these  fossils,  after  being  ploughed.  A  species  of  Cardium 
(C  striatulum)  is  also  characteristic. 

768.  While  shells  of  this  kind  are  met  with  in  the  clays,  the 
Coral  rag  and  the  Portland  stone  exhibit  other  kinds.  The  for* 
mer  bed  was  for  the  most  part  a  true  reef  resembling  those  now 
growing  in  the  Pacific,  but  of  no  great  extent.  In  addition  to 
numerous  corals,  it  contains  many  species  of  Nerifusa,  the  whole 
mass  being  generally  composed  of  fossils.  Bivalves  are  not  un- 
common, and  some  species  of  the  genus  AstartCf  figured  in  the 
preceding  page  (fig.  209),  are  very  ^undant.  The  fossils  of  the 
Portland  stone  differ  from  those  of  the  Coral  rag,  and  include  chiefiy 
bivalve  shells  of  the  genus  Trigonia  (see  fi^.  213)  and  others  aUiea 
to  the  Oyster  and  Cockle.   There  are  also  Ammonites  of  large  size. 

Wealden  Series, 

769.  The  Wealden  formation  consists  of  a  very  thick  and  varied 
series  of  arenaceous  beds,  based  on  imperfect  limestones,  and 
covered  by  a  bed  of  clay.  The  whole  series  contains  the  fossil 
remains  of  land,  freshwater  and  estuanr  animals,  and  of  land 
vegetables.  The  group  is  interpolated  between  the  uppermost 
beds  of  the  Oolitic  group  and  the  lower  ones  of  the  cretaceous 
series ;  but  it  offers  so  many  analogies  with  the  former  in  the  na- 
ture of  its  fossils,  and  passes  so  insensibly  from  it,  that  it  has  been 
considered  a  member  of  the  Oolitic  system. 

Dr.  Mantell,  to  whom  we  are  indebted  for  the  most  detailed  account  of  the 
Wealden  formation,  describes  it  as  "  a  series  of  clays  and  sands,  with  subordi- 
nate beds  of  limestone,  grit,  and  shale,  containing  nreshwater  shells,  terrestrial 
plants,  and  the  teeth  and  bones  of  reptiles  and  fishes ;  imiyalve  shells  prevailing 
ui  the  upper,  bivalyes  in  the  lower,  and  Saurian  remains  in  the  intermediate 
beds ;  the  state  in  which  the  organic  remains  occur,  manifesting  that  tiie^hare 
been  subject  to  the  action  of  river  currents,  but  not  to  attrition  firom  the  waves 
of  the  ocean." 

The  following  are  the  beds  seen  in  descending  order,  in  the  south- 
east of  England.  They  may  be  conveniently  grouped  into  two 
divisions,  the  Wealden  proper  and  the  Purbeck  series : — 

Weald  cloijf,  with  subordinate  limestone  (called  Sussex  marble)  and  sand. 
Hastings  sand,  including  the  beds  of  Tilgate  forest. 

Pwrhech  strata,  consisting  chiefly  of  compact  limestone  alternating  with  clay, 
and  resting  on  fissile  limestone  and  the  Portland  beds. 

770.  Purbeck  strata, — In  the  upper  part  of  the  Portland  saies, 
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there  occur  very  interesting  beds  of  a  dark  brown  substance 
containing  much  earthy  lignite.  These  beds,  called  ^^  Dirt^bedSy* 
seem  to  be  made  up  of  bhtck  loam,  which  at  some  distant  period 
nourished  the  roots  of  trees,  fragments  of  whose  stems  are  now 
found  fossilized  in  the  loam.  'Wherever  a  dirt-bed  is  laid  open 
to  extract  the  subjacent  building-stone  these  remains  of  trees  occur, 
and  they  are  placed  at  such  distances  from  one  another  as  trees 
growing  in  a  modem  forest. 

It  results  from  the  circumstances  of  these  deposits  that  the  sur* 
face  of  the  Portland  stone,  at  the  termination  of  the  Oolitic  period, 
mi7st  have  been  sometimes  dry  land,  and  covered  with  forest ;  and 
we  have  a  kind  of  measure  even  of  the  duration  of  these  periods 
in  the  thickness  of  the  dirt-beds,  which  have  in  some  cases  accu- 
mulated more  than  a  foot  of  black  earth,  loaded  with  the  wreck  of 
its  former  vegetation.  The  regular  and  uniform  preservation  of 
these  thin  beds  over  a  distance  of  many  miles,  shows  that  the 
change  from  dry  land  to  the  state  of  a  freshwater  lake  or  estuary 
(which  the  nature  of  the  overlying  rock  proves  to  have  succeeded 
the  period  of  dry  land),  was  not  accompanied  by  any  violent  de- 
nudation, since  the  loose  earth,  together  with  the  trees  which  lay 
prostrate  on  its  surface,  must  inevitably  have  been  swept  away  had 
any  such  catastrophe  taken  place. 

771.  The  dirt-beds  belong  to  a  group  of  freshwater  marls, 
brackish  water  beds,  and  limestones  overlying  the  Portland  stone, 
and  chiefly  developed  in  the  south-east  of  England,  near  Swanage, 
in  Dorsetshire.  Thev  form  the  Purheek  series.  Of  somewhat 
newer  date,  but  still  rorming  part  of  the  same  series,  is  the  much 
larger,  but  still  very  local  senes,  known  as  the  Weaudek.  These 
various  freshwater  groups  may  be  regarded  as  the  representa- 
tives, in  a  limited  area,  of  the  uppermost  beds  of  the  Oolites,  and 
of  beds  that  intervene  between  the  true  Oolites,  as  recognized 
in  England,  and  the  lowest  cretaceous  or  Neocomian  rocks. 

772.  The  dirt-beds  themselves  characterize  the  lower  beds  of 
the  Purbeck  series,  which  include  also  a  coarsely  fissile  limestone, 
locally  called  '^  slate,*'  which  has  been  used  for  roofing  and  other 
economical  purposes.  This  bed,  together  with  a  sla^  day  with 
which  it  is  associated,  is  of  considerable  thickness,  and  is  succeeded 
by  finer  compact  limestones,  abounding  with  bivalve  shells  of 
the  freshwater  genus  Oyelas,  These  compact  fossiliferous  lime- 
stones again  alternate  with  clay,  and  include  a  thick  bed  (the 
"Cinder-bed"),  almost  entirely  composed  of  oyster-shells.  The 
limestones  of  this  part  of  the  series  are  quarried  for  building  pur- 
poses, as  many  as  fifty-five  beds  of  useful  stone  being  known ;  and 
the  whole  thickness  of  the  upper  member  of  the  group  amounts 
to  about  125  feet.    The  beds  at  the  top  consist  chiefly  of  the 
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remains  of  a  imivalye  B\iell{Paludina),  cemented  together  by  car- 
bonate of  lime  and  a  large  proportion  of  green  matter ;  they  have 
formerly  been  mnch  worked,  and  are  well  known  under  the  name 
of  Purbeck  marble,  a  stone  used  in  the  internal  decoration  of 
cathedrals,  &c. 

773.  In  addition  to  the  remaLns  of  vegetables  and  the  stools  of 
cycadeous  trees  in  the  dirt-bed,  the  Purbeck  series  includes  a  great 
variety  of  smaU  bivalve  crustaceans  (Oypris)  and  many  imivalve 
and  bivalve  shells  of  freshwater  genera.  The  oyster-bed  has  been 
alluded  to  above.  Eemains  of  many  kinds  of  insects  and  of  fishes 
have  also  been  discovered. 

774.  Hastings  scmd.  This  is  the  lower  member  of  the  true 
Wealden  group,  and  is  developed  in  England  to  considerable 
thickness  in  the  south-eastern  part  of  our  island,  occupying  a  large 
portion  of  the  county  of  Sussex..  The  lower  beds  of  the  deposit 
are  well  seen  in  the  cliffs  near  Hastings,  and  consist  of  a  friable 
sandstone  (in  which  caverns  are  excavated)  based  on  beds  of  shelly 
limestone  and  ^t,  and  alternating  with  shale  and  clay.  These 
strata  are  overlaid  by  another  series  of  sandy  beds,  containing  a  fine 
building-stone,  and,  together  with  the  former  ones,  they  abound 
with  organic  remains,  chiefly  those  of  freshwater  mollusks.  The 
l^lgate  beds  may  be  considered  to  occupy  the  next  or  upper  place 
in  this  series ;  and  they  receive  their  name  from  having  been  for- 
merly extensively  quarried  in  Tilgate  Porest,  near  Horsham. 
They  consist  of  several  bands  of  bluish-grey  sandstone,  or  rather 
calcareous  grit,  which  are  of  no  great  thickness,  and  alternate  with 
friable  sandstones,  some  of  them  highly  ferruginous,  others  of  a 
white  colour  and  without  iron,  and  others  again  containing  particles 
of  lignite.  The  lower  of  these  beds  form  a  conglomerate,  contain** 
ing  pebbles  of  quartz,  which  have  apparently  been  transported 
from  a  ^reat  distance. 

775.  The  IVeald-clay,  the  uppermost  member  of  the  "Wealden 
group,  though  rarely  of  greater  breadth  than  five  or  six  miles,  may 
be  distinctly  traced  in  England,  in  the  counties  of  Kent  and 
Sussex,  coming  out  from  under  the  lowest  beds  of  the  Cretaceous 
system.  It  is  also  visible  on  the  coast  of  the  Isle  of  Wight,  and 
the  highest  portion,  wherever  it  appears,  consists  generally  of  a 
blackish  clay,  in  which  are  abundant  freshwater  shells  and  other 
fossils. 

The  strata  which  form  the  base  of  this  superjacent  group  consist 
of  beds  of  sandstone  and  shelly  limestone,  with  layers  of  argOlace-^ 
ous  ironstone.  The  limestone  is  called  "Sussex  marble,"  and  is 
strikingly  characteristic  of  the  Weald-clay  in  England,  occurring 
in  layers  which  vaiy  from  a  few  inches  to  more  than  a  foot  in 
thicmess,  and  which  are  separated  from  each  other  by  seams  of 
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clay  or  coarse  friable  Hmestone.  It  is  almost  entirely  made  up  ot 
fossil  shells  {Paludmd),  united  by  a  calcareous  cement  into  compact 
marble,  and  has  been  used,  like  the  Purbeck  marble,  in  the  internal 
decoration  of  churches  and  cathedrals,  and  to  make  the  small  insu- 
lated shafts  of  pillars  so  common  in  G-othic  architecture. 

The  limestone,  however,  is  not  the  only  one  of  the  Upper 
Wealden  strata  which  has  been  used  for  economical  purposes,  the 
argillaceous  iron  ore  contained  in  it  having  been  formerly  worked 
on  the  borders  of  the  once  extensive  forests  of  the  Weald. 

776.  The  fossiliferous  deposits  at  Earringdon,  consisting  of  sands 
and  gravels  (not  unlike  in  appearance  the  "  Crag  "  of  Suffolk),  ap- 
pear to  be  identical  with  other  similar  deposits  at  Devizes,  Eowde, 
and  Calne  (Wiltshire),  and  although  overlying  the  whole  of  the 
oolitic  deposits  of  the  south-east  of  England  as  developed  in  the 
neighbourhood,  they  are  distinctly  inferior  to  the  Lower  green- 
sands.  There  seems  to  be  some  reason  for  concluding  that  these 
beds  are  contemporaneous  with  a  portion  of  the  Tii^alden,  but 
they  are  of  marine  origin. 

777.  Wealden  deposits  have  been  found  on  the  coast  of  Prance, 
in  the  Bas  Boulonnais,  and  contemporaneous  beds  are  known  in 
some  parts  of  Scotland,  in  Westphalia,  and  in  Hanover  in  the 
north  of  Germany.  The  latter  are  extensive  and  important,  con- 
sisting chiefly  of  sandstones,  and  are  developed  to  great  thickness. 
Some  of  them  correspond  closely  to  the  English  deposits,  not  only 
in  fossils,  but  also  in  their  mineral  characters. 

778.  The  fossils  of  the  Wealden  period  are  chiefly  the  remains 
of  plants,  a  few  freshwater  shells  and  crustaceans,  several  insects, 
and  the  bones  of  fishes  and  reptiles ;  the  latter  of  very  great 
interest,  of  gigantic  proportions,  and  including  herbivorous  as  well 
as  carnivorous  genera. 

779.  The  Wealden  formation  must  be  regarded  on  the  whole, 
and  in  connexion  with  the  Purbeck  beds,  as  a  deposit  formed  in 
the  vicinily  of  a  tract  of  land  of  no  inconsiderable  extent,  and  as 
including  both  fluviatile  and  coast  detritus,  together  with  material 
removed  by  the  action  of  marine  currents  and  tidal  action.  It 
thus  presents  occasionaUy  the  remains  of  land  animals  and  plants 
mixed  upwith  those  usually  accumulated  in  fresh  and  brackish 
water.  The  magnitude  of  the  inlet  and  delta  indicated  by  the 
Weald  as  now  known,  is  by  no  means  so  large  as  that  of  many 
of  the  larger  existing  rivers  in  Asia  and  America,  and  nothing 
has  been  made  out  with  regard  to  the  climate  to  prove  any 
great  change  in  that  respect  incompatible  with  existing  ar- 
rangements.  The  presence  of  herbivorous,  carnivorous  and  lying 
rep^es,  affords  no  proof  either  of  the  absence  of  mammals  ana 
birds,  or  of  the  existence  of  any  anomalous  condition  of  the  earth, 
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while  the  remains  of  fishes  are  still  less  capable  of  affording  evidence 
in  this  matter.  The  deposit  appears  to  have  occurred  in  water 
always  of  moderate  depth,  and  sometimes  extremely  shallow,  and 
the  whole  area,  as  at  present  known,  measures  about  200  miles 
from  east  to  west,  and  nearly  as  much  from  north-east  to  south* 
west*. 

Lower  Chreenaand  Series. 

780.  The  older  part  of  that  important  group  of  deposits  which 
forms  the  upper  member  of  the  Secondary  series,  has  been  frequently 
designated  in  England  by  the  name  Lower  Qreemcmd,  but  is  now 
more  commonly  caUed  Neocomi<m,  Although  frequently  absent 
or  poorly  develof  ed  in  our  island,  there  are  not  wanting  large  and 
important  series  of  deposits  of  this  age,  the  most  complete  being 
at  the  back  of  the  Isle  of  "Wight,  where  they  have  been  best  ex- 
amined. The  8peeton  clay,  found  near  Scarborough  in  Yorkshire, 
appears  by  its  fossils  to  represent  these  deposits,  but  it  is  excep- 
tional in  its  appearance,  as  it  consists  of  a  dfork  blue  laminated  bed 
with  nodules  of  clay  ironstone. 

In  the  South  of  England,  the  Atherfield  beds  form  the  base  of  the 
Lower  Greensand  series,  which  there  includes  nearly  850  feet  of 
deposits  of  various  kinds.  The  passage  appears  unbroken  from  the 
freshwater  clays  of  the  Upper  wealden  to  tne  bottom  beds  of  Ather* 
field.  At  Hythe  in  Kent,  and  near  Maidstone,  and  extending  for 
some  distance,  the  contemporaneous  beds  include  a  tough  calcareouis 
stone,  used  extensively  for  building,  and  known  as  the  "  Kentish 
rag."  This  is  covered  by  a  large  group  of  white  and  green  sandy 
beds  alternating  with  clays,  above  which  is  a  series  of  clayey  beds 
often  ferruginous,  and  containing  some  sands.  The  Kentish  rag  is 
altogether  absent  as  a  building  material  in  many  places  where  the 
Lower  greensand  has  been  found. 

781.  The  "  Plicatula  clay,"  or  Apticmjbrmation  of  some  IVench 
geologists,  is  considered  to  be  identical  m  position  with  the  upper 
part  of  the  Lower  greensand ;  while  the  Upper  Neocomicm  beds 
occupy  the  place  of  the  sands  and  stones  of  wie  middle  part.  The 
Lower  Neocomia/n  represents  the  base  of  the  Cretaceous  series,  and 
it  is  not  improbable  that  some  localities  in  [France  and  Switzerland 
may  be  older  than  our  Kentish  rag.  The  Lower  Quader,  the 
G^erman  representative  of  the  period  in  Saxony  and  Bohemia,  is  a 
coarse  sandstone  of  loose  texture,  having  a  calcareous  cement  and 
containing  fossils  towards  the  base ;  it  is  much  used  as  a  building 
material,  the  lower  portion  being  well  adapted  for  this  purpose* 

*  Although  this  area  may  appear  large,  it  by  no  means  equals  that  of  the  delta  of  the  Niger, 
and  is  much  inferior  to  the  known  area  of  flutiatile  deposits  m  the  Ganges,  Amazon,  Mississippi 
and  St.  Lawrence. 
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Sepoeits  of  thia  period  poeseasing  considerable  interest,  have 
been  tbiind  in  India  near  Pondicheny,  and  also  in  South  America. 
They  contain  foasils  analogous  to,  though  not  identical  with,  those 
found  in  Europeau  beds  i^  the  same  age. 

782.  There  are  many  fossils  peculiar  to,  and  characteristic  of 
this  series  of  deposits.  Among  them  the  Pema  Mulleli,  a  bivalvfe 
shell  attaining  very  large  size  and  extremely  abundant  in  the 
Atherfield  beds,  requires  to  be  known,  while  large  cephalopodoua 
ihells  (Xauiilm  pUeatua  and  Scaphitet  gigat)  are  veiy  common. 
Other  species,  as  those  figured  in  the  adjacent  cut  {Holaeter  com- 
Pig.  212.  Fig.  ai3. 
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planatut  and  Tr^onia  ahsformii),  are  foimd  both  in  lower  and 
upper  cretaceous  rocks.  Many  foasila  of  great  interest,  consisting 
of  the  remains  of  fishes  and  reptiles  of  yarioua  kinds,  have  been 
des^bed  by  patteontologists. 

Cretaceous  Series. 

783.  The  Cretaoeoua  or  newest  division  of  the  Secondary  or  . 
Middle  period  is  very  well  exhibited  in  many  parts  of  Europe  by 
the  Chatk,  a  calcareous  deposit  too  well  known  to  require  further 
description.  The  chalk  is  separated  &om  the  underlying  Neo- 
comian  beds  by  a  series  of  siliceous  and,  argillaceous  deposits, 
vaiying  greatly  in  different  parts  of  Europe,  but  very  well  cbarac- 
tenaed  throughout  England, 

The  ditieiona  and  iuhbI  Bjnonyms  of  tJie  upper  memben  of  the'  CreUceouB 


applicable  where  thej  have  reference  to  mineral  Btmctuie.  It  is  only  in  England 
and  Europe  that  ch>Lrac<«rigtic  nunee  have  been  given,  and  the  correepondiog 
beds  in  Aiuerica  are  quite  distinct  in  mineral  chantoter.  In  the  autgoined  table 
the  names  of  the  principal  subdiviaiona  are  given  in  deseeding  ord^,  and  Buch 
BfucmjmB  added  aa  are  iikel;  to  be  found  osefid. 
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I>Hii>li,BdgUn,uidEi«ii>h 

FroichKna. 

C9lalk  of  Pmoe,  Denmu-k. 

Terrain  dwiiMi. 

Upper  chtiU,  with  flinte. 

Temdn  senonien. 

tTpperQu.d«-»ncWone. 

Middle  and  lower  obalk, 

rCraiechloriWe. 

(without     flint*)     and 

Upper  Planer  limaatone. 

{  Craie  tofau. 

Chalk  niari 

Lower  Quader. 

Terrain  albien. 

Lower  Plitaer. 

784.  The  Gault — immediately  overlying  the  Lower  greens&nd 
— ia  rarely  absent,  and  may,  perhaps,  De  considered  as  the  most 
pereiatent  of  all  the  subordinate  beds  of  "the  Cretaceous  group  in 
England,  soarcely  ever  changing  its  peculiarities  of  mineral  com- 
position or  fosafl  remains.  At  Folkstone,  where  it  is  seen  in 
perfection,  it  rises  gradually  towards  the  west  of  the  town,  and 
forms  a  cliff  about  120  feet  thick,  resting  distinctly  on  the  Lower 
greenaand,  the  section  being  well  exposed,  and  the  stratum  ex- 
tremely fossiliferous. 

Gault  is  a.  provincial  term,  used  origin^y  in  the  middle  of 
England  to  designate  the  brick  clay  which  there  belongs  to  the 


Fig.  215. 
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part  of  the  Cretaceous  system  we  are  now  considering;     It  ia  a 
iff  clay  of  a  blue  colour,  and  the  inferior  portion  of  it  abounds 
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with  iron  pyrites,.while  the  upper  part  contains  green  particles  of 
silicate  of  iron.  Yaiious  nodules  and  concretions  are  found 
throughout,  which  are  sometimes  fossiliferous,  but  more  fre- 
quently obscure,  and  of  doubtful  origin. 

785.  Before  concluding  an  account  of  the  Qtiult,  notice  should 
be  taken  of  a  remarkable  outHer,  forming  the  Blackdown  Hills  in 
the  county  of  Devonshire.  These  hills  are  capped  by  about  100 
feet  of  sandy  strata  representing  the  lower  part  of  the  Cretaceous 
system,  and  consist  of  layers  of  cherty  concretions,  alternating 
with  loose  sand.  Pour  of  the  layers  are  worked  for  whetstones, 
the  mines  or  pits  being  driven  almost  horizontally  into  the  hill  to 
a  considerable  distance,  and  the  masses  of  which  the  whetstones 
are  made  vary  from  6  to  18  inches  in  diameter.  The  looser  stone 
is  employed  for  building. 

:  From  these  workings  numerous  ors;anic  remains  have  been  ob- 
tained, often  in  fine  preservation,  and  converted  into  chalcedony. 
Upwards  of  150  species  have  thus  been  determined,  of  which  90 
are  not  known  to  occur  elsewhere  in  England,  and  the  deposit 
must  probably  have  taken  place  under  circumstances  somewhat 
different  from  those  of  the  contemporaneous  rocks ;  but  the  general 
character  of  the  fossils  points  to  the  Qault  as  the  representative 
formation  m  point  of  time.  At  Mons  in  Belgium,  in  the  vaUey  of 
the  Loire,  strata  of  green  sand  occur  of  the  same  age,  and  con- 
taining similar  fossils. 

786.  The  Terrain  alhien  of  M.  d'Orbigny  is  the  French  repre- 
sentative of  G-ault,  and  puts  on  something  of  the  same  character. 
In  the  north  of  G-ermany,  the  Lower  Planer,  a  very  variable 
rock,  sometimes  containing  Hippttrites,  represents  the  argillaceous 
bases  of  the  Upper  cretaceous  system.  In  the  east  of  Europe 
the  English  types  are  repeated  to  a  small  extent ;  but  still  frirther 
to  the  east  they  have  not  been  recorded.  There  is  a  schist  or 
slate  in  the  canton  of  GMaris  in  Switzerland,  contemporaneous 
virith  our  G-ault.     It  contains  the  fossU  remains  of  fishes. 

787.  The  Upper  areensand  consists  principally  of  a  calcareous 
sandstone,  often  coloured  green  by  particles  of  silicate  of  iron, 
and  passing  into  hard  bands  of  an  argillaceous  character.  This  bed 
is  not  always  extensively  shown  in  the  South-east  of  England,  but 
there  is  nowhere  doubt  of  its  presence.  Between  G-odstone  and 
Iteigate,  in  Surrey,  it  assumes  a  decided  character,  and  is  quar- 
ried for  a  particular  kind  of  stone  called  "firestone."  Still 
further  to  the  west,  and  near  Petersfield,  it  runs  out  beyond 
the  foot  of  the  chalk  escarpment,  passing  insensibly  into  the 
Lower  chalk,  but  the  whole  of  the  terraces  at  the  foot  of  the  chalk 
downs  (which  are  at  least  two  miles  broad),  are  exclusively  composed 
of  this  bed,  locally  called  the  "  Malm-rock.*' 
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Something  of  a  similar  step-like  appearance  may  also  be  ob*- 
served  in  the  Isle  of  Wight,  and  especially  at  Black  Gbng  Chine, 
where  the  bed  has  a  thickness  of  about  100  feet,  the  lower  port 
being  sandy,  with  spongiform  masses,  and  the  upper  part  contain'* 
ing  abundance  of  chert,  or  hard  siliceous  rock. 

788.  Proceeding  northwards  to  the  Vale  of  Wardour,  the  TJpper 
greensand  is  there  well  represented,  the  whole  series  of  be<£i  of 
which  it  is  composed  rising  abruptly  on  the  north  side  of  the 
yaUey,  and  forming  a  narrow  ridge  of  unequal  height.  The  thick* 
ness  is  as  much  as  50  or  60  feet,  and  the  upper  beds  contain  chert. 
In  North  Wiltshire  the  formation  occupies  a  slightly  prominent 
step  below  the  foot  of  the  chalk,  but  towards  the  north-east  it 
becomes  less  and  less  important,  until,  in  Bedfordshire,  it  is  not 
more  than  7  feet  thick,  although  it  still  retains  its  cherty  charac« 
ter.  In  Cambridgeshire  even  this  peculiarity  is  gone,  but  there 
remains  about  18  inches  of  a  sofb  sandy  mass  (rarely  containing 
green  particles),  separating  the  Qault  from  the  Lower  chalk.  The 
bed,  however,  though  thus  debased  in  its  character,  is  remarkably 
persistent  throughout ;  and  further  north  it  again  contains  chert 
and  firestone,  and  is  finally  observed  developed  in  its  characteristic 
form  on  the  Norfolk  coast. 

789.  The  Upper  greensand  and  gault  are  remarkable  for  con- 
taining bands  of  phosphate  of  lime,  chiefly  in  concretions,  and 
sometimes  in  concentric  nodules,  which  have  lately  come  into  use 
for  agricultural  purposes.  These  are  much  developed  near  Fam- 
ham,  in  Surrey;  at  Eolkstone,  in  Kent;  near  Cambridge,  and 
elsewhere ;  and  they  offer  instances  nearly  parallel  to  those  ob- 
served in  the  Crag  of  Pelixstow,  where  nodules  of  phosphatic 
matter  are  also  abundant,  but  seem  to  have  been  roUed  out  of  the 
underlying  beds  of  London  clay  at  the  period  of  the  crag  deposit. 
The  phosphorus  is  doubtless  of  animal  origin,  and  mufit  have  been 
largely  derived  from  the  excrement  of  fish. 

790.  The  Chalk  is  a  remarkable  and  familiar  rock  vridely  dis* 
tributed  not  only  in  England  but  in  many  parts  of  the  Continent 
of  Europe.  It  is  a  nearly  pure  carbonate  of  Hme,  containing — 
Lime  56*5,  Carbonic  acid  43*0,  Water  0*5,  and  having  a  specific 
gravity  of  2'8.  Many  specimens  contain  a  little  carbonate  of 
magnesia  and  silica,  and  some  show  traces  of  phosphate  of  lime. 
It  absorbs  water  readily.  In  the  lower  part  of  the  chalk,  grains 
of  silica  are  mingled  with  the  rock  as  an  impurity,  and  are  often 
accompanied  by  a  good  deal  of  argillaceous  matter.  The  lower 
bands  thus  characterized  are  known  by  various  names,  of  which 
Chalk  marl  is  perhaps  the  most  convenient,  and  they  are  not 
unfrequently  colourea  with  green  particles  of  silicate  of  iron,  or 
dark  red  particles  of  the  oxide  oi  the  same  metal.    These  beds 
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are  represented  in  France  by  the  lower  members  of  the  "  Terrain 
turomeUj^  which  exhibit  nearly  the  same  peculiarities  as  in 
England^  though  to  somewhat  greater  extent.  In  Germany  the 
**  Upper  Planer*^  is  a  marly  limestone  of  clear  grey  colour  con- 
taining about  75  per  cent,  of  carbonate  of  lime. 

The  Upper  chalk  of  England  is  remarkable  for  containing  bands 
of  nearly  pure,  black,  siliceous  concretions,  well  known  as  flints. 
These  appear  to  possess  in  many  cases  an  organic  centre  or  origin, 
but  have  not  un&equently  been  segregated  long  subsequently  to 
the  original  deposit  of  the  bed. 

791.  The  Chalk  ranges  through  England  in  a  north-easterly 
direction  from  Hampshire  to  the  Yorkshire  coast,  running  out  in 
two  spurs  to  the  east,  one  proceeding  alongthe  south  coast,  form- 
ing the  South  Downs,  and  terminating  at^eechy  Head ;  and  the 
other  formijig  the  North  Downs,  and  extending  to  the  sea  at 
Dover.  The  Tertiary  deposits  of  the  London  and  Hampshire 
Basins  cover  up  and  conceal  much  of  the  deposit.  Chalk  occurs 
in  Ireland  on  tne  north-east  coast,  but  is  there  partlv  covered  and 
altered  by  basalt.  The  average  thickness  of  the  chalk  in  England 
is  generally  estimated  at  about  1000  feet. 

792.  Crossing  the  channel  which  separates  England  from  the 
Continent,  the  white  chalk  may  be  recognized  forming  cliffs  on 
the  shores  of  France  opposite  both  Dover  and  Beechy  Head,  and 
the  bed  recurs  in  Denmark  in  a  line  continued  from  the  York- 
shire coast  towards  the  north-east.  Bocks  of  the  same  kind  and 
of  contemporaneous  date  range  eastwards  through  a  ^at  part 
of  Europe,  often  in  a  much  harder  state  than  in  England,  and 
witliout  the  peculiar  aspect  of  the  deposit.  In  Poland,  however, 
true  white  chialk  is  again  found,  and  extends  to  the  south  of  Bus- 
sia,  covering  the  plains  of  Moldavia,  and  constituting  the  western 
part  of  the  Crimea.  In  the  Caucasus,  cretaceous  rocks,  consisting 
of  pure  white  chalk,  flank  the  metamorphic  rocks  of  the  central 
axis  of  the  mountain  ridge,  and  put  on  something  of  the  physical 
aspect  of  the  Downs  in  the  south-east  of  England. 

Although  totally  different  in  mineral  character  the  Upper  Quader 
sandstone  of  North  Germany  is  a  contemporaneous  rock,  generally 
a  sandstone  of  loose  texture,  and  extremely  barren  in  organic  re- 
mains. Only  about  thirty  species  have  been  obtained  from  it, 
whilst  the  whole  number  of  chalk  species  is  stated  by  Bronn  to 
amount  to  nearly  3000. 

793.  The  newest  beds  of  the  Cretaceous  series  are  not  developed 
in  England.  They  include  amongst  them  a  coarse  whitish  or  yel- 
lowish pisolitic  limestone,  nearly  100  feet  thick,  ranging  widely  in 
France,  near  Paris,  and  overlying  the  chalk  unconformably.  This 
rock  contains  many  peculiar  fossils  of  very  tertiary  aspect.     Near 
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Maeetricht  ia  Bnotber  deposit  of  about  the  eame  tbickneea,  also 
witli  peculiar  foesile,  but  oontainisf  some  unqaeationablj'  creta- 
ceous. The  upper  of  these  Maestricht  beds  abounds  in  corals  and 
the  lower  pu^  is  chertr.  At  Eaxoe  in  the  island  of  Seeland  in 
Denmark,  is  a  white  calcareous  building-stoae  loaded  with  fossils. 
This  is  also  above  the  true  chalk. 

794,  In  North  America  the  newer  part  of  the  Cretaceous  system 
ia  exhibited  in  several  places,  but  nowhere  in  the  same  form  as 
with  us.  In  Sew  Jersey,  the  contemporaneous  rocks  consist  of  a 
series  of  sandy  and  argillaceous  beds,  with  an  overiying  yellow 
limestone.  These  beds  aSbrd  lime,  and  contain  lignites,  and  some- 
what resemble  the  Crag  of  Suffolk.  They  are  presented  at  inter- 
Pig.  219. 
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vab  on  an  irregular  line,  measuring  nearly  3000  miles  in  extent. 
In  the  Texas  there  are  contemporaneous  rocks,  consisting  of 
hard  compact  sUiceoua  limestone.  In  South  America,  in  Bogota 
and  elsewhere,  there  are  also  cretaceous  deposits  of  the  age  of  our 
chalk,  but  they  are  not  abundant. 

In  South  Africa,  near  Natal,  a  group  of  foswliferous  ro<As  has 
been  found,  consisting  of  dark  sanostones,  containing  the  edges  of 
colossal  shells  of  Inoceramug,  above  which  are  hard  argillaceous 
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beds  of  greeu  colour,  and  sandy  beds.  In  all  the  clay  beds  fossils 
have  been  found,  which  mark  the  deposit  as  of  the  cretaceous 
period— j)robabl7  contemporaneous  with  the  Upper  greensand. 

795.  ^Fossils  are  found  in  the  chalk  very  commonly,  but  by  no 
means  uniyersaLLy.  Among  those  in  the  upper  beds  are  several 
Infusoria  and  ^Forcminifera^  and  numerous  smaU  corals;  many 
species  of  sea-urchin  (fig.  218),  many  of  the  Sudista,  remarkable 
shells  spoken  of  in  a  former  paragraph  (§  585)  one  of  which  is 
there  figured,  and  another  is  represented  in  fig.  219.  There  are 
also  numerous  bivalve  shells  (fig.  220  is  a  very  common  species), 
besides  remains  of  Cephalopoda  (figs.  216,  217).  Crustaceans, 
Fishes,  and  Beptiles  have  been  found  in  various  parts  of  the  rock. 
The  chalk  is  a  deep-sea  deposit,  and  is  unlike  any  rock  now  in  course 
of  formation,  though  it  may  be  compared  with  deposits  of  finely 
powdered  mud  accumulated  in  coral  lagoons. 

796.  The  Upper  cretaceous  rocks  are  but  little  made  use  of  in 
England  except  when  burnt  into  lime,  or  mixed  with  stiff  soils 
for  agricultural  purposes.  The  lower  or  grey  chalk  is,  however, 
valuable  and  greatly  used,  yielding  an  excellent  hydraulic  lime.  The 
Lower  and  harder  beds  belonging  to  the  Upper  greensand  are 
also  valuable,  and  yield  a  fair  bmlding-stone,  used  near  Godstone 
and  Merstham  in  Surrey.  They  are  quarried  for  "  hearthstones," 
used  in  London  for  whitening  stone  steps.  There  is  in  the  same 
neighbourhood  a  bed  of  firestone,  greatly  valued  for  lining  fiimaces. 
The  gault  yields  a  valuable  brick  clay. 

797.  The  whole  series  of  the  Secondary  rocks  may  be  regarded 
as  having  been  deposited  in  open  seas,  which  were  in  some  places 
deep,  in  others  shallow,  and  generally  dotted  over  with  islands. 
No  continuous  land  forming  continental  masses  seems  to  have 
prevailed  in  any  extensive  districts  in  which  rocks  of  this  age  are 
now  observed,  out  abundant  evidence  exists  of  the  near  vicinity 
of  considerable  islands,  some  of  them,  especially  near  the  present 
lower  OoHte  deposits  of  England,  having  considerable  mountain 
ranges.  The  termination  of  the  period  was  marked  by  the  presence 
of  a  coral  sea  over  a  large  tract  of  what  is  now  land  in  Europe ;  and 
the  conditions  were  probably  not  very  dissimilar  to  those  recognized 
in  the  Bermuda  and  Bahama  islands. 

798.  The  crystalline  rocks  of  the  Secondary  period  are  neither 
few  nor  unimportant.  On  the  north  coast  of  L*eland,  and  in  the 
southernmost  of  the  "Western  Islands  of  Scotland,  htrge  quantities 
of  basalt  have  been  poured  out,  producing  a  marked  effect  upon 
the  chalk,  and  probably  erupted  during  the  period  immediately 
succeeding  the  deposit  of  that  bed.  In  the  New  red  sandstone 
of  England  there  are  numerous  localities  where  the  older  rocks 
have  been  forced  through,  and  some  where  the  sandstone  rocks 
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are  penetrated  hj  dykes  of  crystalline  rock,  resembling  granite 
and  syenite.  The  granites  and  slates  of  Cliamwood  Forest  in 
Leicestershire  must  be  of  early  Secondary  origin,  and  many  of 
the  highly  altered  rocks  of  the  Alps  may  safely  be  referred  to  this 
period.  It  is  not  unlikely  that  the  date  of  change  of  the  mettt^ 
morphic  schists  and  the  porphyries  of  the  great  mountain  ehaing 
of  Central  Asia  and  the  two  Americas,  are  also  Secondary.  So 
far  as  England  and  Europe  are  concerned,  there  is,  however,  reason 
to  suppose  that  the  Secondary  epoch  was  marked  by  frequent 
depression  on  a  large  scale. 

799.  The  elevations  of  this  period,  according  to  M.  Elie  de 
Beaumont,  were  four.  The  first  took  place  between  the  deposit 
of  the  Lower  New  red  sandstone  and  the  Trias,  and  has  a  direction 
S.  21°  W.  and  N.  2r  E.,  or  nearly  that  of  the  Western  Alps.  It 
is  called  the  system  of  the  Ehine,  and  is  marked  by  the  cli&  on 
the  borders  of  the  Bhine  between  Baale  and  Mayence. 

The  next  system  is  that  of  the  Thuringian  forest,  and  runs 
W.  40°  N.  and  E.  40°  S.  It  is  seen  in  the  chain  of  mountains 
from  which  it  is  named,  and  which  extend  also  into  the  Bohmer- 
wald,  forming  the  natural  frontier  of  Bohemia  and  Bavaria.  In 
France  it  is  marked  both  in  the  south-western  part  of  the  Yosges 
mountains,  and  in  Brittany.  It  is  supposed  to  have  taken  place 
between  the  Triassic  and  Oolitic  periods. 

The  third  elevation  is  that  of  the  C6te  d'Or,  nearly  at  right 
angles  to  the  former,  and  running  "W.  40°  S.  and  E.  40°  N.  It 
is  well  marked  in  France  and  in  the  Erzgebirge,  and  seen  also  in 
the  cliffs  of  the  Vicentin.  It  is  of  the  age  between  the  deposit  of 
the  Oolites  and  the  commencement  of  the  Lower  greensand. 

The  fourth  and  last  system  of  this  period  is  that  of  the  Monte 
Viso,  seen  in  the  Alps  of  Dauphigny.  It  runs  N.N.W.  and  S.S.E. 
The  disturbances  of  this  part  of  the  period  are  supposed  to  have 
taken  place  between  the  aeposit  of  the  two  principal  divisions  of 
the  Cretaceous  series.  This  mst  of  the  great  systems  of  the  Second* 
ary  period  probably  determined  the  general  direction  of  the  shores 
of  Italy,  and  some  of  the  principal  mountain  ridges  of  Oreece. 

800.  "  The  distribution  of  the  oceans  during  the  Secondary  epoch 
cannot  be  very  definitely  or  surely  discerned ;  but  enough  is  clear 
to  reveal  a  condition  of  things  very  remote  in  character  from  what 
is  in  existence  now.  The  lower  members  of  the  Secondary  group 
defined  the  contours  of  many  basins  in  Central  Europe — on  the 
banks,  for  instance,  of  the  Ehine;  between  the  Harz,  the  Erzgebirge, 
and  the  Thuringian  forest ;  in  England,  Poland,  Bussia,  &g.  They 
also  separated  the  ffreat  Siberian  basin  from  the  seas  of  Europe^i 
and  probablv  diminished  the  magnitude  of  the  Chinese  inland  seas, 
Humboldt  found  them  in  the  valley  of  the  Orinoco,  and  Schom* 
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bnrgk  in  tbe  interior  of  the  ciystalline  district  of  Ouayaiia.  Bj 
the  Jurassic  formation,  on  the  other  hand,  distinct  walls  of  sepa* 
ration  were  established  in  France,  Switzerland,  in  the  south-west 
of  Gfermany,  in  Northern  Hungary,  Spain,  and  the  north  of  Africa ; 
and  new  shapes  were  imposed  on  tiie  oasins  of  Siberia,  China,  and 
Central  Asia.  Thus  emerged  the  cretaceous  masses,  completing 
everywhere  the  contours  of  the  Tertiary  basins,  particularly  in 
three  South  European  peninsulas;  at  the  same  time  isolating 
Sahara  from  the  Mediterranean,  forming  boundaries  to  Arabia, 
Mesopotamia  and  Southern  Persia,  the  coast  of  Tranguebar,  the 
centre  and  north-east  of  Asia ;  perhaps  China  and  Borneo,  as 
well  as  Australia.  They  are  likewise  K>und  on  the  two  slopes  of 
the  AUeghanies,  on  the  south-east  slope  of  the  Kocky  Mountains, 
in  several  parts  of  Mexico  and  Colombia,  and  among  the  Andes 
of  Peru  and  Chili*." 


CHAPTEE  XVI. 

ON  THE  ROCKS  AND  FOSSILS  OF  THE  TERTIARY  PERIOD. 

801.  The  rocks  of  the  newer  or  Tertiary  period,  including  those 
which  overlie  the  true  chalk,  and  all  others  of  the  same  date  in  all 
parts  of  the  world,  are  more  complicated  and  varied,  and  for  the 
most  part  more  dj£cult  to  identify,  than  those  of  older  date,  in 
which  the  same  mineral  character  can  often  be  followed  for  greater 
distances.  This  arises  partly,  no  doubt,  from  the  fact,  that  as  we 
approach  modem  times  the  proportion  of  marine  deposits  on  a 
large  scale  visible  above  the  sea-level  becomes  smaller,  while  the 
lacustrine  and  land  deposits  are  larger  in  proportion,  more  varied, 
and  each  one  possesses  more  distinct  peculianfcies. 

A  fi^eneral  scheme  of  grouping  for  the  Tertiary  rocks  has  been 
already  ^ven  in  a  tabulur  form.  We  must  now  refer  to  the  beds 
in  some  little  detail. 

Older  Tertiary  Series. 

802.  These  are  also  called  Eocene,  from  the  Greek  (loif  dawfif 
Kaivos  new),  as  showii^  the  deposits  where  existing  species  of 
animals  first  appear.  "Diere  are  some  important  subdivisions  in 
the  South  of  England,  which  will  be  best  understood  by  the  fol- 
lowing tabular  view  :— 

*  JohiutonU  Phydeal  AtU*. 
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Vppet  divitUm, 
1.  Hempstead  beds  (I.  of  Wight) 


TUckaws. 
' Marine  sandfl  and  daya   ...1 

(.Oarbonaoeous  beds   J 

Middle  diviaion. 

Marls,  days,  and  Umestones 
(freshwater,  brackish,  and 
marine) 
8.  Osborne  or  St.  Helen's  series  (I.  of  f  Freestones   and    flagstones 

Wight)     \     (fresh  and  brackish  water) 

r  Upper  freshwater  beds 


2.  Bembridge  series  (I.  of  Wight) 


{ 


4.  Headon  series  (I.  of  Wight   and 
Hants) 

6.  Headon  hill  and  Barton  clay  series 
(I.  of  Wight  and  Hants)  "* 

6.  Bagshot  and  Bracklesham  beds  ... 

Lower  division. 

7.  London  clay  and  Bognor  beds 

8.  Plastic  and  mottled  clays  and  sands 

9.  Thaiiet  sands 


120 


.100 


n 


i> 


Marine  beds >170 

Lower  fr'eshwater  beds J 

Headon  hill  sands  (marine)  1  q^ 

Barton  clay  (marine)   jJHiu 

(Marine)    700 

(Marine)    500 

(Marine  and  freshwater) . . .      100 
(Marine)    90 


II 


i> 


n 


99 
19 


>> 


The  following  table  will  be  useful  as  showing  in  a  general  way  the  correlation 
of  thaEnglish  with  the  French  and  Belgian  Teitianes  of  this  rery  important 
period.  The  figures  within  brackets  refer  to  the  English  series,  as  represented 
m  the  preceding  table. 

FBENCH.  Upper.  BELGIAN. 

Gr^  de  Fontainebleau  (1).  Kleyn  Spawen  or  Limburg  beds  (1). 

Middle. 
Gaseous  beds  of  Montmartre  (2). 

{Calcaire  siliceux        1  /»  ^\  Laecken  beds  (3, 4). 

ar^  de  Beauchamp  f  ^  '  ^' 

Calcaire  grossier  (5, 6).  Brussels  beds  (6). 

Soissonais  sands  (between  6  and  7). 

Lower. 
Cassel  beds  (7). 

Argile  plastique  (8).  [Absent.] 

Lower  Landenian  (9). 

803.  LoNDOK  Am)  Hampshibe  basins. — The  Lower  Tertiariea 
are  found  in  England  chiefly  in  the  basin  of  the  Thames,  and  in 
Hampshire  near  Southampton.  Small  portions  occupy  the  northern 
part  of  the  Isle  of  Wight. 

Of  the  London  basin  series,  the  Thanet  sands,  with  sandy  con- 
cretions seen  between  Heme  Bay  and  the  Beculvers,  are  the 
lowest.  They  are  in  some  places  00  feet  thick,  and  contain  some 
peculiar  marine  fossils.  A  little  higher  in  the  series  are  the 
Wboltoich  beds,  which  represent  the  shores  of  ancient  seas ;  and 
they  include  beds  of  plastic  and  mottled  clay,  sands  and  well-roUed 
flint  pebbles.  Two  species  of  oysters  (one  scarcely  distinguishable 
from  the  recent  edible  species),  and  some  marine  and  freshwater 
shells,  characterize  these  beds. 
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Overlying  the  plastic  clay  serieB,  which  are  ocoaaionally  de- 
veloped to  a  thiekness  of  150  feet,  comes  the  well-known  London 
elajf.  The  lowest  bed  of  this  series  ia  seen  at  Kyson,  near  Wood- 
bridge,  in  Suffolk.  It  consista  of  yellow  and  white  eand  con- 
taining foasilB,  unong  which  are  the  teeth  and  jaw  of  a  speciea  of 
monkey ;  bones  of  a,  bat,  an  oposBiun,  and  a  large  aerpent ;  teeth  of 
Bereral  species  of  shark ;  and  remains  of  other  animals  of  high 
Qi^anization.  Over  this  sand  is  the  clay. 
Fig.  221. 
I 


0 


^k 


Group  of  Fofnl  Frulti  fraiu  thi  London  dftj  of  BhfippAj. 

a.  Nip»ditei  okfimi.  e.  7Mc«fpallLC«  nmmunl'. 

b.  Highlea  fuaiformii.  /.  Cucumita  mlabilU. 

c.  PetTophiloidei  HichudvoDi.  g,  Fabddca  ono. 

i.  Cupuwldu  Influiu,  1.  Watlianllll  nriibUli. 

804.  The  London  clay*,  represented  in  Suasex  by  the  more  com- 
pact and  concretionary  beds  found  at  Bognor,  ia  a  well-marked 
and  peculiar  deposit,  generally  between  200  and  850  feet  thick. 
It  ia  veil  seen  at  Highgate  Hill. 

Near  London  this  deposit  is  generallv  of  a  blackish  colour  and 
tough,  but  it  is  often  mixed  with  greenien-coloured  earth  and  white 
sano,  and  occasion^y  encloses  layers  of  oval  or  flattened  matiseB  of 
clayey  limestone  called  "  septaria,"  which  are  traTsraed  in  varioiw 
diiectionB  by  cracks,  filled  completely  with  calcareous  spar,  and 
are  particularly  abundant  in  the  neighbonrhood  of  Harwicn,  where 
they  are  much  used  in  the  manufacture  of  "  Parker's  Cement," 
Many  parts  of  the  clay  contain  hard  bands,  either  calcareous  or  sili- 
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nicMcded  ant  bx  the  Ibicker  fowlifnoni  b«l(  of  Chalk  Finn  lod  PrimroH  HIU,  new  Landn, 
ud  thne  inin  h;  the  H^ihgitt  dinHitlu.  The  Sheppty  bed!,  U  tbi  moulb  of  th*  Huiuti, 
form  ■  foiinn  lone,  ibounduig  with  too  TODuint  of  Atha  ud  pUnta. 
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ceODB,  and  sometimea  fosailiferouB ;  ^K'  2^3. 

and  the  clifis  of  Harwich  occaaion- 
ally  include,  besidea  the  veins  of 
Beptarift,  other  beds  of  true  calcar 
reous  matter.  The  London  clav 
is  rich  in  foBsile,  numerouB  fosBil 
fruits  having  been  fovind  in  it  in 
the  island  of  Sfaeppey;  and  a  large 
number  of  species  of  fosail  sheUB, 
cruataceana,  fishes,  and  even  rep- 
tiles and  quadrupeds,  mark  the 
faTourable  conditions  under  which 
the  bed  was  accumulated.  The 
group  (fig.  221)  represents  some 
of  the  more  interesting  forms  of  foS' 
si]  &uits,  which  indicate  a  warm 
and  even  subtropical  climate*. 

806.  The  siliceous  sands  of  Bag- 
shot  in  Surrey,  and  the  N  ew  Foreert 
in  Hampshire,  repose  on  the  Lon- 
don cl^,  but  contain  few  foasila. 
Beds  of  the  same  age,  with  charac- 
teristic fossils,  are  well  shown  at 
Bracklesham  Bay,  near  Chichester, 
where  the  Cerithium  giganteum 
(fig.  222),  several  volutes  and  cow- 
ries, hones  of  a  serpent  20  feet  long, 
and  probably  of  marine  habits,  and 
&a^ents  of  an  aquatic  crocodile, 
besides  manyremains  of  fishes,  mark 
a  warm  sea,  no  doubt  in  the  vid- 
nity  of  land.  These  sands  pass 
upwards  into  the  Barton  clay  and 
Headon  Hill  sands  seen  in  the  Isle 
of  "Wight,  the  former  bed  being  un- 
usually rich  in  fossil  marine  sheila, 
most  of  which  are  peculiar.  A 
apeciea  of  Chama  (C.  tqutmoaa) 
is  particularly  abundant,  and  this 
is  the  last  bed  in  which  num- 
mulites  occur  in  the  English 
series  of  older  tertiaries.  The 
Headon  series,  the  Osborne  or 
St.  Helen's  series,  and  the  fresh-  cnithium  giguittum. 

•  JntdditioD  toibmit  100  duerlbed  ipednof  ptuita  from  the  SlicpiKj  bedi,  Ui.  Bowcrtunk 
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water  beds  of  Bembridge  and  Binstead,  all  in  the  Isle  of  Wight, 
terminate  the  middle  division  of  the  older  tertiaries,  and  are 
covered  up  near  Yarmouth  (Isle  of  Wight)  by  the  Hempstead 
beds  in  the  same  island.  Hordwell  or  Hordle  Cliff,  in  which  the 
beds  of  the  Headon  series  are  shown,  contains  numerous  fossils 
consisting  of  freshwater  sheUs,  fragments  of  tortoises  (both  fr«sh« 
water  and  land  .species),  and  land  snakes,  several  freshwater 
fishes,  a  few  birds  and  numerous  quadrupeds,  including  the  earliest 
carnivorous  mammal  yet  found.  The  overlying  deposits  are  chiefly 
of  fluviatile  or  brackish  water  origin. 

806.  NuMMTJLiTio  FOBMATiON. — In  many  parts  of  Southern 
Europe  and  Asia  there  are  found  bands  of  limestone  containing 
fossils,  chiefly  either  corals  or  Eoraminifera,  one  genus  of  the 
latter  being  especially  common,  and  from  its  resemblance  to  a 
piece  of  money  very  easily  recomiized.  These  fossils,  called 
NtmaimUtes,  are  found  amongst  &e  Tertiary  deposits,  but  can- 
not be  considered  to  mark  the  exact  age  of  the  beds,  although 
they  are  valuable  indications,  and  often  the  only  ones  present. 
Nummulite  limestones  abound  in  Egypt  and  traverse  Asia  Minor, 
and  may  be  traced  at  intervals  along  the  wide  tract  of  country 
between  the  Mediterranean  and  Western  India,  crossing  Persia 
by  Bagdad  to  the  mouths  of  the  Indus,  forming  important  de- 
posits  in  Cutch,  aud  ranging  eastwards  and  northwards  into 
Scinde,  and  thence  eastwards  along  and  amongst  the  Himalayan 
mountains  into  Eastern  Bengal  and  the  frontiers  of  China.  Eocks 
not  only  of  the  same  age  but  of  the  same  general  character  and 
with  similar  fossils,  enter  into  the  disturbed  and  loftiest  portion  of 
the  Alps,  extending  thence  into  the  Carpathian  chain,  and  re* 
peated  on  the  north  coast  of  Africa  in  Algeria  and  Morocco. 
They  are  also  present  in  the  South  of  Erance,  in  the  Pyrenees, 
and  in  the  Apennines.  As  a  single  group  of  deposits  chara^;. 
terized  uniformly  by  the  same  fossils,  the  nummuhtic  formation 
is  certainly  the  most  widely  spread  of  all  the  Tertiaries,  and 
^though  not  represented  in  England  in  precisely  the  same  form 
as  elsewhere,  the  foraminiferous  fossils  oi  the  London  clay  are  no 
doubt  of  the  same  date. 

The  importance  of  this  formation  may  be  judged  of  when  it  is  remembered  that 
the  niumnulitic  depodts  "  extend  at  intervals  t&oxtgh  no  less  than  25  degrees  of 
latitttde,  and  near  100  degrees  of  longitude,  the  northernmost  ridge  on  the  north 
flank  of  the  Carpathians  being  dearly  identifiable  with  the  southernmost  known, 
limb  in  Cutoh,  and  the  western  masses  in  Spain  and  M oroooo  being  similar  to 
those  of  the  Bramahpootra*."  In  Western  Thibet  nummulites  have  been  found 
in  deposits  16,500  feet  above  the  level  of  the  sea. 

has  in  his  Collection  between  800  and  400  undescribed  species,  besides  many  erustaceouB  fishes 
and  rq)tiles. 
*  liuichiaon  <m  tfa«  Stractare  of  the  Alps,  Quart.  Geol.  Jonm.,  vol.  y.  p.  306.  • 
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.  In  the  Alps  the  xmmmulitio  beds  are  often  o£  great  thickness,  and  are  imme- 
diately ooyered  by  a  series  of  slaty  beds  of  dark  colour,  with  marls  and  sand- 
stones containing  fuooids.  These  are  locally  caMedfysch,  and  occasionally  pass 
into  highly  metamorphic  and  even  crystalline  rocks,  such  as  marble,  micf^ 
schist,  and  gneiss.  Q^nerally  speaking  both  the  lowest  and  the  highest 
Bummulitic  beds  contain  small  species  of  nummulites,  and  the  middle  beds 
large  ones.    Upwards  of  fifty  species  are  described. 

807.  Feekch  JlITd  Belgian  deposits. — ^In  France  the  lowest 
beds  of  the  older  Tertiary  period  are  imperfectly  developed,  but 
in  Belgium  they  are  both  very  ancient  and  distinctive,  bearing 
the  name  of  the  Lower  Landenian  series.  The  Belgian  beds 
consist  of  marls  and  sands,  with  green  earth  called  glauconite^ 
yielding  a  Hght  durable  building-stone.  They  appear  to  be  of 
the  same  age  as  the  Thanet  sands.  The  a/rgile  plastique  of  France 
corresponds  with  our  plastic  clay  in  age  as  well  as  mineral  cha- 
racter. As  at  Woolwich,  the  base  of  the  plastic  clay  consists  of 
rolled  or  angular  flints,  and  the  clays  contain  lignite.  Beds  at 
Cassel,  near  St.  Omer  in  French  Flanders,  are  contemporaneous. 
The  Systeme  Ypresien  of  M.  Dimiont  is  the  Belgian  representative 
of  the  London  clay. 

At  the  base  of  the  middle  series  of  older  tertiaries  in  France 
are  certain  Lits  coquilliera  or  sheUy  sands  found  at  Soissonnais, 
about  fifty  miles  N.E.  of  Paris,  containing  a  large  number  of  species 
of  fossil  shells,  a  considerable  proportion  of  them  identical  with 
those  of  the  London  clay  and  others  of  older  date.  The  group 
appears,  however,  to  be  intermediate  between  the  true  London 
clay  and  the  Bracklesham  beds. 

808.  The  beds  next  in  order  in  the  Paris  basin  are  those  which 
have  been  long  known  as  the  calcaire  grossier,  and  they  are  re- 
markable for  the  great  abundance  of  fossil  shells  they  contain. 
They  consist  of  coarse  limestones,  often  passing  into  sands,  and 
alternating  with  clayey  and  calcareous  marls  and  iard  limestones. 
Nearly  a  thousand  species  of  shells  are  contained  in  the  calcareous 
sands,  and  amongst  them  have  been  determined  no  less  than  140 
species  of  one  genus,  Oerithitim,  usually  an  inhabitant  of  brackish 
water  (see  fig.  222).  The  lower  member  of  the  calcaire  grassier, 
called  glauconie  grossiere,  contains  much  green  earth,  and  amongst 
the  fossils  are  nimunulites.  In  some  parts  of  the  middle  portion 
is  a  building-stone  made  up  of  the  shells  of  minute  foraminiferous 
animals,  and  called  the  "  Miliolite  limestone."  In  the  vicinity 
of  Brussels  are  sandy  deposits  of  some  interest,  and  of  the  same 
date  as  the  calcaire  grassier  and  Bagshot  sands. 

The  calcaire  siliceux  is  a  peculiar  siliceous  limestone  widely 
spread  in  France,  and  remarkable  for  the  numerous  small  cavities 
it  everywhere  presents.  It  is  separated  from  the  calcaire  grassier 
by  a  small  group  of  sands  and  marls  rich  in  fossils,  called  gres  de 
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deposit,  the  others  brackish  water  and  marine. 

809.  The  gyp»eoii»  beds  of  Montmartre  are  well  known,  not  only 
from  their  great  economic  importance  as  Bupphdng  laige  quantitiea 
of  ^rpsum  for  the  manuiacture  of  plaster  of  Paria,  but  also  for  the 
fossils  found  partly  in  the  gypseous  beds  and  partly  in  the  asso- 
ciated marls.  These  beds  contain  land  and  fluviatile  shells,  frag- 
ments of  wood,  and  great  numbers  of  the  bones  of  freshwater  fish,  of 
crocodiles  and  other  reptiles,  and  skeletons  of  birds  and  quadrupeds, 
the  latter  being  usually  isolated,  and  often  entire  (see  fig.  223).    It 

Fig.  223. 


is  chiefly  the  lower  part  of  the  gypsum  which  may  thus  be  re- 
garded as  a  great  cluimel-house  ^  extinct  quadrupeds ;  but  the 
uppermost  strata,  composed  of  thick  beds  of  marl,  either  c^careous 
or  argillaceous,  are  also  worthy  of  notice,  and  contain  numerous 
silici&d  trunks  of  palm  trees. 

In  thia  formation  tbe  remaine  of  upwards  of  Shy  epeciea  of  qiudrupedB  hare 
heea  found,  foar-fifth»  of  them  reforablo  to  a  diviaion  of  the  order  of  Pachv- 
cUrauita,  now  eiemplifled  either  by  the  tapir,  or  b;  another  rarer  animal,  the 
daman  of  South  A&ica.  The  remaining  fifth  include  a  hjEena,  a  dog,  and  a 
weaael,  amongst  caroiTora ;  a  squirrel  amongst  the  rodenl«  ;  an  inaectiiorouB 
bat  and  on  oposeum.  There  are  also  fragments  of  ten  epecies  of  birds,  several 
tortoises  and  crocodiles,  and  a  number  of  fisliee.  All  tlie  species,  without 
exception,  are  now  eitioot. 

810.  Overlying  the  ^seous  beds,  and  belong-         ^-  ^^■ 
ing  to  the  newest  division  of  the  older  Tertiaries,         *  * 

there  are  found  In  the  Paris  basin  green  clays 
with  remains  of  an  oyster,  overlaid  by  an  im- 
portant group  of  sandstones,  well  developed  in 
the  forest  or  Fontainebleau.  These  contain 
abundant  remains  of  shells,  such  as  lamniea  (fig. 
224)  and  Planorhit,  and  also  the  seeds  of  Chora. 
They  are  repeated  in  a  variety  of  places.    The      LimmM  longirai*.- 
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sands  are  known  as  the  gres  de  Fontainehleau.  Above  these  sandft 
and  sandstones  are  freshwater  limestones  and  marls,  the  whole 
represented  in  England  by  the  Hempstead  beds  in  the  Isle  of 
wight,  already  aUuded  to,  and  in  Belgium  by  an  important  group 
called  the  Kleyn  Spawen  or  lAmhur^  beds.  These  latter  beds  are 
extremely  fossiliferous.  They  consist  of  sands,  clays,  and  marls  of 
marine  or  fluTiomarme  origin.  / 

811.  In  Central  France  lacustrine  strata,  chiefly  of  the  date  of 
the  uppermost  deposits  above  described,  are  very  eztensivd^ 
developed.  They  are  doubtless  the  remains  of  ancient  lakes. 
The  chief  deposits  consist  of  marls  often  of  great  thickness,  fresh- 
water limestones  and  travertine,  green  and  foHated  marls,  sand- 
stones and  conglomerates.  The  fossils  are  abundant,  but  the 
number  of  species  not  considerable. 

.  Eocene  deposits  occur  in  Germany ;  the  principal  sands 
and  freshwater  limestones  of  the  Mayence  basin  and  a  thick 
plastic  clay  used  for  tile-making  near  Berlin,  being  apparently 
contemporaneous,  or  nearly  so,  with  the  Limburg  beds  of  Belgium. 
A  part  of  the  enormous  deposits  of  lignite  or  brown  coal  on  the 
shores  of  the  Baltic  and  in  Styria,  as  well  as  some  of  those  near 
Bonn  on  the  Ehine,  are««lso  considered  as  referable  more  prop^ly 
to  the  older  than  the  middle  Tertiaries. 

812.  Northern  Italy  exhibits  marine  deposits  of  this  period* 
These  are  seen  in  the  neighbourhood  of  Nice,  and  also  at  Monter 
Bolca,  where  is  a  deposit  containing  numerous  remains  of  fishes: 
In  various  places  on  the  coast  of  the  Mediterranean  are  represen- 
tative groups  of  the  same  date,  and  near  Mount  Lebanon  were  is 
a  fossimerous  deposit  resembling  that  of  Monte  Bolca. 

813.  North  .Aiaerican  rocks  of  the  older  Tertiary  period  are 
chiefly  found  in  the  Southern  states  of  Virginia,  Carolina,  and 
Georgia ;  and  consist,  in  Virginia,  of  green  sand  and  marl,  accom- 
panied by  green  earth,  precisely  like  older  beds  belonging  to  the 
upper  secondary  series  of  New  Jersey,  but  containing  very  dif» 
ferent  fossils.  Further  to  the  south  the  nature  of  the  deposit 
changes,  and  highly  calcareous  white  marls  and  white  hmestonea 
appear,  which  are  covered  by  red  and  white  clays,  ferruginous 
sands,  and  associated  layers  of  burrstone  and  siliceous  rock*  In 
other  places  a  white  limestone  (Santee  limestone)  characterizes 
these  deposits,  and  has  led  to  the  idea  that  a  passage  downwards 
existed  to  the  cretaceous  rocks.  Sir  C.  LyeU,  however,  has  found 
that  no  such  passage  is  indicated  by  the  fossils*  About  125  species 
of  Eocene  American  fossils  are  mentioned  by  Sir  C,  LyeU  as 
determined  on  good  authority ;  and  of  these  only  seven  are  iden- 
tical with  European  Tertiaries  of  this  age.  At  least  one-fourth  of 
the  whole  appear,  however,  to  be  very  closely  allied  to  European 
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fossils  of  the  same  age ;  while  another  fourth  differ  greatly  from 
any  species  obtained  from  the  Eocene  strata  of  Europe,  although 
belonging  to  genera  abundantly  represented  in  these  formations. 
In  the  I^braska  territory,  on  the  tJ pper  Missouri,  are  beds  con- 
taining a  number  of  remains  of  large  quadrupeds,  apparently  con- 
temporaneous with  those  of  the  London  basin. 

814.  South  America  presents,  on  both  sides  of  the  Ande^  Ter- 
tiary strata  of  very  ancient  date,  referable  to  this  period.  These 
are  of  great  extent,  especially  along  the  shores  of  the  Atlantic ; 
but  the  deposits  on  the  two  coasts  differ  almost  entirely  in  their 
fossil  contents.  It  would  appear,  however,  that  there  is  no 
proof,  in  this  part  of  the  world,  of  the  climate  having  materially 
changed,  or  at  least  none  of  its  having  been  more  tropical  than 
it  now  is  in  the  same  latitudes.  There  is  evidence  of  change  of 
level  to  the  extent  of  700  or  800  feet  of  depression  along  both 
lines  of  coast  during  this  period ;  and  in  the  newer  deposits  there 
is  proof  equally  strong  and  satisfactory  of  a  large  amount  of 
elevation. 

816.  We  next  proceed  to  the  consideration  of  those  fossils  of 
the  group  which  are  most  valuable  as  giving  an  idea  of  the  climatal 
condition  of  the  earth  at  the  time  of  the  deposits  of  this  period  ; 
and  here  we  at  once  remark,  that  so  far  as  the  British  islands 
serve  as  the  indication,  there  is  strong  proof  of  a  great  change 
having  occurred,  since  the  general  character  of  our  older  Tertiary 
fauna  and  flora  is  warm  and  even  subtropical.  With  one  or  two 
exceptions,  all  the  species  are  extinct,  and  do  not  range  to  forma- 
tions either  above  or  below. 

The  fullest  catalogue  of  British  Older  Tertiary  fossils  (Mr.  Mor- 
ris's) gives  the  number  as  follows  : — Plants,  109 ;  Zoophytes,  24 
Echinoderms,  21 ;  Foraminifera,  41 ;  Annelida,  11 ;  Cirrhopodk,  4 
Crustacea,  12;  Biyozoa,  5;  Conchifera  and  Brachiopoda,  238 
Giisteropoda  and  Cephalopoda,  450;  Fishes,  118;  Eeptiles,  31 
Sirds,  15 ;  Mammals,  24.  In  addition  to  these,  however,  a  veir 
considerable  number  of  species  occur  exclusively  in  the  Pans 
basin,  so  that  upwards  of  3000  species  in  all  have  oeen  described. 
Of  these,  57  are  Mammalia,  and  as  many  as  136  are  referred  to 
the  Vegetable  Kingdom.  The  remains  of  plants  in  the  older 
Tertiary  beds  are,  however,  chiefly  fruits,  and  are  almost  entirely 
obtained  from  the  London  clay  beds  of  the  Isle  of  Sheppey, 
though  other  localities  are  known. 

816.  The  invertebrated  animals  show  a  large  preponderance  of 
the  ordinary  genera  of  moUusca,  and  of  these  a  few  are  represented 
in  the  group  of  figures  annexed  (tigs.  228-231).  There  is,  how- 
ever, a  manifest  departure  from  recent  specific  forms,  especially 
those  inhabiting  the  immediate  vicinity,  and,  as  we  have  mentioned 
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above,  » tropical  character  is  traceable  in  the  whole  arrangement 
of  the  group.     When  we  regard  the  higher  organizations,  aa  those 
of  vertebrated  animals,  we  find  a  much  iiirther  departure  &om 
Fig.  229. 

Fig.  231.  Fig.  228. 


Fig.  226.        Fig.  227. 
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existing  local  types,  laid  this  is  Been  the  more  strikingly  as  we 
advance  towards  the  higher  mammals.  The  fishes,  chieflj  met 
with  in  the  London  clay,  the  beds  of  Monte  Bolca  and  those  of 
Mount  Lebanon,  offer  representative  species  of  a  large  number  of 
genera  and  natural  families,  of  which  the  modem  species  are  well 
known.  The  following  short  comparative  table  will,  however,  give 
the  best  notion  of  these  relations : — 

Britiih  ■psdei  fonil  ■pcciu  in 

BOW  eiutimg*  Uh  London  claj- 

POTdi&inily    7  7 

MsoWd&mily  11  18 

Cod  fimuly  20  4 

Herring  ^nilj. 8  2 

Eel&mil]' _8  1 

M  26 
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To  this  we  may  add,  that  four  of  the  recent  families  richest  in 
species  now,  are  either  without  a  single  Eocene  species,  or  are  very 
sparingly  represented,  while  on  the  other  hand  and  in  their  place 
we  find  three  extinct  genera  of  one  family  now  almost  confined 
to  the  southern  seas  ;  one  of  a  family  now  absolutely  tropical,  and 
five  of  another  family  now  almost  limited  to  the  Mediterranean. 

817.  The  reptiles  of  this  period,  like  the  fishes  and  shells,  show 
a  marked  resemblance  to  the  inhabitants  of  much  warmer  and 
more  insular  climates  than  those  met  with  at  present  in  the  Tem- 
perate Zone  of  the  Northern  Hemisphere.  They  include  several 
lacertian  and  crocodilian  animals  ;  some  turtles  and  tortoises,  and 
some  gigantic  serpents,  which  attained  a  length  of  from  ten  to 
upwards  of  twenty  feet.  The  remains  of  birds  add  to  the  evidence 
or  this  kind. 

The  land  quadrupeds  include  several  species,  all  extinct,  and 
most  of  them  referable  to  the  order  Pachydermata^  which  seems  to 
have  been,  to  a  certain  extent,  the  representative  form  at  that 
time  of  the  existing  groups  of  Euminants.  The  conditions  of 
climate  required  for  these  animals  point  rather  to  marshy  islands 
than  large  tracts  of  warm  land. 

Middle  Tertia/ries, 

818.  These  are  also  called  Miocene,    They  are  not  represented ' 
in  the  British  Islands  by  any  marine  deposits,  and  only  by  small 
lacustrine  deposits  and  lignite^  in  the  island  of  Mull  in  the  He- 
brides, and  the  coast  of  ^trim. 

819.  The  basins  of  the  Loire  and  the  Garonne,  and  the  neigh- 
bourhood of  MontpeUier,  are  the  principal  districts  in  France 
where  the  beds  of  this  period  are  to  be  found.  The  beds  of  the 
former  (the  basin  of  the  Loire)  are  chiefly  developed  near  the  city 
of  Tours,  and  in  the  "  Touraine"  district,  where  they  consist  for 
the  most  part  of  broken  shells,  and  greatly  resemble  the  shelly 
portion  of  the  British  "  Crag."  They  sometimes,  however,  form  a 
building-stone,  the  comminuted  shells  being  mixed  with  sand  and 
gravel,  and  cemented  by  the  infiltration  of  calcareous  matter. 
The  remains  of  quadrupeds  are  occasionally  found  associated  with 
the  shells.  The  superposition  of  these  Miocene  strata  upon  the 
lower  and  older  Tertiary  deposits,  is  fidly  made  out  in  the  Ootentin, 
and  elsewhere. 

820.  A  considerable  tract  of  country,  extending  from  the  mouth 
of  the  river  Garonne  towards  the  south-east,  is  covered  up  with 
Tertiary  deposits  of  this  middle  period,  which  have  been  princi- 
pally studied  in  the  environs  of  Bordeaux,  Dax,  and  one  or  two 
other  towns.  The  beds  consist  of  incoherent  quartzose  sand 
mixed  with  calcareous  matter,  and  they  contain  a  great  number  of 
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fiuriatile  ahelle  associated  with  others  of  mariiie  origin.  As  in  the 
basin  of  the  Loire,  these  fossiliferous  beds  rest  upon  strata  of 
older  date,  from  which  they  are  separated  by  the  interoosition  of 
a  considerable  maBs  of  freshwater  limestone.  From  the  basin  of 
the  Garonne  there  would  appear  to  exist  a  series  of  Miocene  Tw 
tiary  beds,  traceable  at  intervala  as  far  as  Montpellier,  and  there 
overlaid  by  other  beds  of  newer  date. 

821.  The  sands  and  graTela  of  the  Bolderberg  hill,  aboot  forty 
miles  E.N.E.  of  Brussris,  are  the  Belgian  representatives  of  this 
period,  and  in  Tarious  parts  of  North  Germany  are  similar  d^o- 
sitB,  A  part  of  the  beds  forming  the  Vienna  baain,  and  a  con- 
sideiabte  portion  of  the  deposit  called  Molatse,  are  of  the  same 
date.    This  deposit,  occa-  ^  ^^2 

sionally  alternating  with 
beds  of  lignite,  but  gene- 
rally composed  of  loose 
sand,  is  very  abundant  in 
Switzerland,  but  spreads 
over  large  tracts  in  Irance, 
overlying  the  other  and 
-  better  fciown  Tertiaries. 
It  is  partly  marine  and 
partly  freshwater.  Among 
lis  fossil  contents  are  se- 
veral remarkable  vegeta- 
ble forms,  one  of  which 
is  figured  in  the  annexed 
cut  (fig.  232).  It  is  inter- 
esting   as   marking  palm 

vegetation,   which     must  rtinMataiUmamm. 

have  existed  in  Central  Europe  simultaneously  with  various  trees 
hardhr  to  be  distinguished  from  those  still  inhabiting  our  forests. 
Dr.  Goppert  baa  remarked,  that  a  great  similarity  prevaile  be- 
tween the  flora  of  the  brown-coal  and  that  of  the  United  States 
of  North  America,  in  the  Temperate  Zone,  varieties  of  Ibjtta 
greatly  prevailing. 

The  NagelJUihe,  also  a  Swiss  deposit,  is  a  mass  of  conglomerate 
evidently  contemporaneous,  but  of  great  thickness  locally,  and  the 
hill  of  Superga  near  Turin  affords  a  series,  the  lower  part  of  which 
must  be  placed  in  this  division. 

Some  of  the  brown-coal  deposits  of  Germany  are  considered 
to  be  Miocene. 

822.  The  newer  beds  of  the  Mayence  basin,  containing  a  large 
series  of  freshwater  limestones  and  fossiliferous  sandstones,  also 
probably  freshwater,  may  be  regiurded  as  Miocene.    They  contain 
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Fig.  233. 


a  great  number  of  species  of  fossils,  chiefly  shells,  and  have  been 
minutely  described  by  recent  geologists. 

The  valley  of  the  Danube  exhibits  deposits  of  some  extent  be- 
longing to  the  Middle  Tertiary  period,  and  extending  from  the 
neighbourhood  of  Vienna  into  Styria.  Amongst  them  are  some 
bands  of  valuable  lignite  of  enormous  thickness. 

The  Miocene  beds  of  Austria  are  cut  off  by  the  mountains  of 
the  Carpathian  cham,  but  are  again  repeated  to  the  north  of  these 
mountams  by  several  patches  on  the  left  bank  of  the  Vistula  below 
Cracow,  and  in  the  provinces  of  Galicia,  Volhynia,  and  Podolia. 
In  these  latter  provinces,  the  great  masses  of  gypsum  and  rock 
salt,  which  have  been  long  celebrated,  are  supposed  to  belong  to 
the  period  we  are  now  considering. 

823.  The  European  fossils  of  the  Middle  Tertiary  deposits  consist 
diiefly  of  shells,  corals,  and  echinoderms,  but  include  many  frag- 
dients  of  teeth  of  fishes, 
some  remains  of  reptiles, 
ind  many  quadrupeds, 
til  of  extinct  species. 
Amone  the  latter  are  the 
Mastodon  (closely  re- 
sembling the  Elephant), 
l^hinoceroB,  Hippopota- 
mas^  Deer,  and  otners, 
and  many  large  Cetacea. 
On-  the  Emne,  near 
Darmstadt,  and  in  the 
small  valleys  of  the  Jura, 
there  have  been  found 
fragments  of  a  very  re- 
markable and  gigantic 
pachyderm,  having  a  large  and  powerful  tusk  in  the  lower  jaw.  A 
sketch  of  this  lower  jaw  is  given  in  the  annexed  cut  (fig.  233). 
This  animal  was  no  doubt  aquatic  in  its  habits,  and  probably  re- 
sembled in  some  respects  the  Hippopotamus. 

824.  The  extensive  and  remarkable  deposits  found  on  the  south 
flanks  of  the  Sewalik  hiUs  in  Northern  ladia,  have  been  referred, 
though  somewhat  doubtftdly,  to  this  middle  part  of  the  Tertiary 
epoch.  Commencing  at  Saharunpore,  these  beds  may  be  traced 
towards  the  south-east,  extending  to  a  very  considerable  distance, 
but  nowhere  south  of  the  Gkinges.  Beds  of  the  same  age  are 
repeated  at  two  very  distant  points,  one  near  Bombay,  on  the 
western  coast  of  India^  and  the  other  at  the  mouth  of  the  Irra- 
waddi  river,  in  the  peninsula  of  Siam. 

The    formations    composing    the    Sewalik    hills,  which   have 
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sometimes  been  called  tlie  Sub-Himalayans,  consist  of  beds  of 
boulders  or  shingle,  of  sands  hardened  to  every  degree  of  con- 
sistency, of  marly  conglomerate,  and  of  an  infinite  variety  of  clays. 
The  strata  dip  nrom  16°  to  35°,  generaU^jr  towards  the  north,  and 
the  breadth  of  the  inclined  beds  is  from  six  to  eight  miles* 

In  that  part  of  the  Sewalik  district  west  of  the  Jumna,  there  is 
an  interminable  series  of  clays  and  sandstones,  the  former  being  in 
greatest  abundance,  and  the  whole  dipping  at  an  angle  of  20  to 
the  north,  and  extending  to  the  plain  of  the  Jumna. 

Chiefly  in  the  upper  part  of  tlus  series  there  occurs  a  sandstone 
rock,  wmch  is  generally  sofb  and  containing  but  few  fossils,  but  in 
some  parts  extremely  fossiliferous,  and  in  that  case  so  hard  as  to 
turn  the  edge  of  the  chisel,  protecting  the  fossils  from  destruction, 
even  when  they  are  rolled  as  boulders  along  the  beds  of  thie  moun- 
tain torrents.  Possil  bones  have  been  found  also  in  great  abun- 
dance on  the  surface  of  the  slopes  near  the  sandstone,  and  amongst 
the  ruins  of  fallen  cliffs ;  they  include  several  genera  of  Pachy- 
dermata,  Camivora,  Euminantia,  and  even  Quadrumana,  besides 
the  bones  of  Crocodilian  animals  and  Tortoises,  many  of  them 
extremelv  remarkable,  and  indicating  the  former  existence  in  this 
part  of  the  world  of  races  of  animals  very  different  from  those  now 
mhabiting  the  district.  Most  of  the  species  are  new,  and  there 
appears  to  be  scarcely  a  Hmit  to  the  variety,  as  well  as  the  abun- 
dance, of  these  remains. 

825.  The  hiUs  of  the  Sewalik  range,  between  the  Jumna  and 
the  Gkinges,  consist  of  alternations  of  sand  and  clay  similar  to 
those  just  described ;  but  these  are  overlaid  by  beds  of  shingle  of 
enormous  thickness,  which  also  alternate  with  the  sandstone. 
Carbonaceous  matter  occurs  (sometimes  in  the  form  of  lignite) 
throughout  the  sandstone,  and  the  trunks  of  dicotyledonous  trees 
are  found  in  great  abundance.  Marls,  also,  are  nere  associated 
with  the  upper  beds,  and  contain,  like  the  upper  sandstones  to  the 
west,  vast  multitudes  of  fossil  remains,  chiefly  of  Mammalia  and 
Beptiles.  These  fossils  are  remarkably  perfect,  and  are  usually 
of  a  deep  black  colour,  owing  to  the  presence  of  iron.  The  greater 
part  of  tibem  have  been  obtmned  from  a  deposit  in  the  K^owala 
rass. 

The  contemporaneous  beds  on  the  west  coast  of  India  occur  in 
a  conglomerate  which  appears  to  extend  widely  near  the  entrance 
of  the  Gulf  of  Cambay,  out  which  is  much  covered  up  with  Newer 
Tertiary  and  recent  accumulations.  The  variety  of  fossils  found 
here  is  considerable,  and  completely  identifies  the  deposit  with 
the  Sewalik  tertiaries  already  described. 

826.  Sir  Charles  Lyell  and  American  authors  have  described 
contemporaneous  deposits  on  the  banks  of  James  Biver  above 
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Bichmond  in  Virginia,  U.S.  These  comiet  of  green  coloured 
Bands  and  conglomerates,  inclined  at  a  high  angle  to  the  north- 
east, and  well  eiposed  in  some  localitiea.  These  seem  to  repose 
on  argillaceous  beds,  and  to  be  of  considerable  extent  in  some  of 
the  Southern  States.  They  are  fossiliferous  ;  some  part  consist- 
ing chieflj  of  sheila  and  the  remains  of  zoophjtes. 

Upper  or  Newer  Tertiariet. 

827.  These,  like  the  older,  are  much  subdivided,  and  require 
special  notice.  They  are  sometimes  called  Pliocene,  and  the 
newest  of  them  Fleigtoeene.  They  include  the  deposits  well 
known  in  the  East  of  England  as  "  Crag,"  of  which  there  are  two 
divisions,  the  Eed  and  Coralline. 

The  CoraUvne  Ora^  is  of  limited  extent,  ruiging  over  an  area 
about  twenty  miles  in  length,  and  three  or  four  in  breadth,  be- 
tween the  nvere  Aide  and  Stour.  It  varies  in  mineral  composi- 
tion, being  sometimes  entirely  made  up  of  fragments  of  shells  and 
zoophytes,  but  occasionally,  aa  at  Tattmgstone  in  Suffolk,  conaist- 
ing  of  a  greenish  marl  with  a  few  stony  beds,  sometimes  even 
quarried  for  building-stone.  The  total  thictmees  of  the  bed 
rarely  amounts  to  twenty  feet,  although  in  some  particular  locali- 
ties  (as  at  Sudbury,  near  Orford)  it  is  much  thicker. 


The  fossils  moet  abundant  and  charac- 
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teristic  of  this  lower  or  coralline  crag  are 
chiefly  the  remains  of  zoophytes,  referable, 
for  the  moat  part,  to  species  unknown  in  a 
living  state.  These  are  incredibly  abundant, 
and  are  found  associated  with  fragments  of 
Echinodermata  and  shells,  one  of  which  is 
repreaented  in  the  anneied  cut  (fig.  234), 
and  others  below  (see  figs.  235  to  237). 
Above  340  species  of  MoDuBca  have  been 
collected  in  it,  of  which  73  are  living  Bri- 
tish species,  and  of  these  23  occur  dso  in 
the  beds  of  newer  date.  The  general  cha- 
racter of  the  marine  fauna  is  described  by 
Professor  E.  Forbes  as  Lusitanian ;  but  the  Ko««ll«ri»  (Aponhiii)  pu- 
zoophytes  include  many  southern  genera.  pdbKiL 

On  the  coast  of  Suffolk,  and  adjacent  tracts  in  Norfolk  and 
Essex,  is  a  deep  ferruginous  coloured  gravel  rarely  more  than  40 
feet  in  thickness,  ajid  generally  much  less,  abounding  in  fossil 
shells,  and  presenting  everywhere  the  appearance  of  haviM  been 
formed  in  a  very  disturbed  sea.  This  bed  is  called  by  rmglish 
geologists  the  "  Bed  Crag,"  and  we  leam  from  Professor  E.  Forbes 
Qiat  ^ere  have  been  found  in  it  about  260  species  of  Test«cea,  of 
t2 
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Fig.  236. 


which  60  are  now  known  alive  in  the  British  setts ;  41  of  the 
number  are  Pleistocene  as  well,  and  19  of  the  41  are  species  com- 
mon to  the  coasts  of  Europe  and  America.     Zoophyt«s  are  few. 

In  these  beds  of  Crag  tnere  exiat  layers  of  phoaphatic  nodnles 
and  coneretiona,  apparently  introduced  from  the  London  clay,  and 
often  accompanied  b^  the  silieified  long  bones  and  ear-bones  of 
Whales.  These  are  in  some  places  exceedingly  abundant,  as  near 
Felixstow.  They  have  been  lately  introduced  into  the  manu- 
facture of  mineral  manure,  as  they  contain  a  large  per-centage 
(often  50  per  cent.)  of  available  phosphate  of  lime. 

828.  Strata  of  the  same  age  and  character  as  our  Crag  have 
been  long  known  to  exiat  in  the  country  round  Antwerp,  and  on 
the  banks  of  the  Scheldt  below  that  city.  These  beds  aboimd 
with  foBails,  more  than  half  of  them  identical  with  existing  species. 
Other  beds  of  the  same  kind  have  been  observed  in  Normandy. 

829.  The  Upper  Ter- 
tiary deposits  are  best  re-  .  Fig.  2S5. 
presented  on  the  conti- 
nent of  Europe  by  the  ex- 
tensive beds  known  as  the 
"  Sub-Rpennines,"  which 
are  amply  developed  along 
the  whole  extent  of  Italy 
on  both  flanks  of  the 
Apennines.  They  consist 
of  marls  contaiuine  calca- 
reous matter,  and  alter- 
nating with,  or  overlaid 
by  sands.  They  attain  a 
very  considerable  thick- 
ness (said  to  amount 
near  Farma  to  2000  feet), 
and  offer  in  some  places 
very  marked  peculiarities 
of  structure.  Thev  con- 
tain also  numerous  fossils,  q,„^,  „, 
chiefly  the  remains  of  ng.  m 
MolluBca ;  and  the  group  "  ^ 
annexed,  figs.  23S  to  237, 

are  common  in  our  own  Crag,  as  well  as  the  Sub-ap< 
IbOy. 

Besides  the  Sub-apennine  beds,  others  of  the  same  period  are 
develc^d  in  the  neighbourhood  of  Borne,  and  even  form  part  of 
the  hillB  on  which  Bome  is  built.  Others  again  are  found  in  Sicily 
and  the  neighbouring  islands,  consisting  of  marls  and  occasionally 
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limestones.     The  latter  preponderate,  and  under  the  name  of  the 
great  limestone^  occupy  an  important  part  of  Sicily. 

Many  parts  of  the  eastern  Mediterranean,  including  Q-reece  and 
Asia  Minor,  present  other  beds  of  this  period,  and  they  all  gene- 
rally contain  a  considerable  number  of  fossil  remains,  scarcely 
varying  from  those  of  existing  seas. 

830.  Many  of  the  remarkable  beds  of  vegetable  matter  already 
referred  to,  and  known  under  the  name  of  Brown-coal,  belong  to 
this  part  of  the  series,  and  require  some  account,  if  only  from  the 
enormous  extent  of  vegetable  matter  they  contain. 

The  base  of  the  Brown-coal  formation  seems  to  consist  generally 
of  loose  siliceous  sand,  sometimes  passing  into  a  sandstone  and 
sometimes  into  a  conglomerate,  and  usually  containing  a  thin 
leafy  bituminous  lignite  called  Paper-coal,  and  fragments  of  siHci- 
fied  wood,  often  changed  into  chalcedony,  and  occasionally  into 
semiopal. 

The  laminaB  of  paper-coal  are  associated  with  thin,  earthy,  and 
friable  siliceous  plates,  not  unlike  the  polir^schiefer,  or  polishing 
slate  of  other  parts  of  Germany. 

831.  Beds  of  clay  of  various  kinds,  containing  some  that  are 
valuable  for  the  potter,  and  others  used  in  pipe-making,  often  suc- 
ceed these  siliceous  beds,  and  form  the  actual  base  of  the  lignites. 
In  many  places  the  clay  is  itself  mixed  with  earthy  carbonaceous 
matter,  and  in  many  others  it  is  extremely  pyritous  *.  The  lignite 
which  is  accumulated  upon  these  clays  is  of  various  kinds,  a  con- 
siderable part  of  it  consisting  of  solid  wood,  showing  little  change 
when  specimens  are  taken  out  of  the  mine  and  dried,  but  bedded  in  a 
manner  precisely  similar  to  coal,  and  of  a  deep  black  colour.  It  con- 
tains a  somewhat  large  per-centage  of  earthy  matter,  and  although 
burning  with  a  bright  flame,  is  incapable  of  standing  a  blast,  and 
hais  been  hitherto  Httle  used  for  economic'al  purposes.  As  might 
have  been  expected,  the  different  beds  of  vegetable  matter  exhibit 
great  differences  in  this  respect,  the  fibrous  texture  of  the  wood 
being  often  so  little  changed  that  large  pieces  are  used  for  props 
in  timbering  the  mines,  while  in  other  cases  the  interior  is  con- 
verted into  carbonate  of  iron,  or  the  substance  of  the  wood  is 
replaced  by  a  coarse  quartzose  sand. 

Lignite  is  also  remarkable  for  the  fossils  associated  with  it, 
and  these  include  the  remains  of  insects,  mollusca,  fishes,  Batra- 
chian  reptiles,  and  even  quadrupeds.  They  are  usually  in  bad 
condition,  and  occur  chiefly  in  the  paper-coal.  It  is  not  uncom- 
mon to  find  the  lignite  resting  immediately  on  masses  of  tabular 

*  At  Friesdorf,  on  the  left  bank,  and  at  several  places  on  the  right  bank  of  the  Rhine,  this 
pyritous  day  has  been  used  extensively  in  the  manufacture  of  alum.  Crystals  of  gypsum  are 
often  found  between  slaty  layers  of  clay,  and  clay  ironstone  is  also  common,  a  £tiickness  of 
nine  feet  and  a  half  having  been  found  in  tiiirteea  lasers  near  Rottt 
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basalt  (near  Hachenburg,  in  the  upper  part  of  the  valley  of  the 
Mster,  this  is  more  particularly  the  case),  and  it  frequently 
occupies  considerable  elevations,  being  found  on  the  top  of  the 
higher  districts  of  that  table-land  which  extends  over  the  northern 
parts  of  the  Duchy  of  Nassau  towards  the  Vogelgebirge. 

832.  Belonging  to  a  period  nearly  the  same  as  that  during 
which  the  brown-coal  was  being  deposited,  we  must  next  notice  a 
remarkable  lacustrine  deposit  of  highly  fossiliferous  mark  and 
limestones,  occupying  a  hollow  in  the  molasse  near  (Eningen,  where 
the  Rhine  issues  from  the  Lake  of  Constance.  The  lower  beds 
in  this  spot  consist  of  cream-coloured  marlstones,  containing  the 
remains  of  plants  (chiefly  dicotyledonous),  of  fishes,  and  of  the 
shells  of  freshwater  animals.  These  are  overlaid  by  several  bands  of 
fetid  marlstone  and  limestone,  all  of  them  exceedmgly  fossiliferous, 
and  attaining  a  considerable  thickness.  In  one  of  the  limestones 
there  was  found  the  nearly  perfect  skeleton  of  a  fox,  little  different 
in  specific  character  from  the  recent  fox ;  and  the  same  quarries 
have  also  yielded  fishes  of  large  size,  a  turtle  three  feet  in  length, 
and  numerous  crustaceans  and  insects  perfectly  preserved. 

It  is  clear  that  this  formation  must  be  comparatively  recent,  but 
the  horizontal  beds  of  which  it  is  composed  present  escarpments 
several  hundred  feet  above  the  Ehine,  without  any  barrier  between 
them  and  the  river. 

833.  The  Pliocene  strata  occupy  a  very  extensive  region  in 
Southern  Eussia,  and  are  well  exhibited  in  the  cliffs  on  the  Sea  of 
Azof,  where  beds  of  white  and  yellow  limestone  contain  several 
species  of  Cardium  and  Bucdnvm  and  large  species  o£Mdctra,  all  of 
marine  origin.  Overlying  these,  and  often  reposing  on  intermediate 
sands  and  siliceous  grits,  there  also  occurs  a  widely-spread  lime- 
stone, in  which  are  many  remains  of  moUusca  that  must  have  lived 
in  brackish  seas ;  and  these  beds  are  considered  to  be  an  extension 
of  similar  sheUy  deposits  in  the  Crimea  and  the  neighbourhood  of 
Odessa,  described  by  M.  de  Vemeuil. 

The  Aralo-Caspian  formations,  consisting  of  limestones  and 
sandy  beds  of  brackish  water  origin,  have  been  traced  over  an 
extensive  area  surrounding  the  Caspian,  Azof,  and  Aral  Seas,  and 
occupy  portions  of  the  northern  and  western  shores  of  theBlack  Sea. 
The  fossil  shells  are  partly  freshwater  and  partly  marine,  and  for  the 
most  part  analogous  to  forms  now  found  m  the  inland  seas  of  Asia. 

834.  In  the  peninsula  of  India  are  numerous  deposits  that  must 
be  referred  to  the  Tertiary  period,  although  the  exact  age  is  not 
very  clearly  made  out.  The  n-eshwater  limestones  of  Nirmul,Hy- 
drabad,  and  Eajahmundry,  and  the  silicified  wood  deposit  of  Pon- 
dicherry  may  be  of  this  period.  The  silicified  wood  of  Egypt,  of 
the  island  of  Antigua  in  the  West  Indies,  and  of  Australia,  are 
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also  perhaps  older  than  the  drift.  Laterite,  which  is  widely  spread 
and  of  considerable  importance,  has  been  sometimes  referred  to 
the  middle  tertiary  period,  but  is  more  probably  of  later  date. 

Latorite  yaries  much  in  colour  and  composition,  but  generally  consists  of  a 
reddish-brown  or  brick-coloured  ceillular  clay,  more  or  less  indurated,  and  used 
by  the  natives  as  bricks  when  cut  square,  whence  its  name  Lateritea^  or  brick- 
stone.  It  often  passes  into  a  hard  compact  jaspideous  rock  on  the  one  hand, 
or  into  loosely  aggregated  grits  or  sandstones  on  the  other.  It  is  also,  some- 
times, a  red  or  yellow  ochre  or  lithomarge,  and  occasionally  becomes  a  conglo- 
merate containing  fragments  of  quartz  and  crystalline  rock  imbedded  in  ferru- 
ginous clay.  The  cavities  or  cells  are  occasionally  empty,  but  sometimes  filled 
by  various  substances.  The  iron  prevails  to  such  an  extent  as  to  constitute 
(some  portions  of  it)  a  true  ore  oi  that  metal.  It  hardens  greatly  and  perma- 
nently on  exposure,  and  is  well  adapted  for  bmldings  and  fortifications.  Many 
extensive  caverns  occur  in  the  rock.  Laterite  has  been  supposed  to  be  weathered 
igneous  rock,  but  this  is  not  probable :  it  is,  in  fact,  of  aqueous  origin,  and  of 
<uder  date  than  the  regur  and  kunkur  which  it  underlies. 

836.  The  Pampean  formation  of  South  America  offers  a  vast 
extent  of  fossiliferous  deposits  belonging  to  the  Newer  Tertiary 
period.  Mr.  Darwin  speaks  of  it  as  ranging  at  intervals  (con- 
taining generally  remains  of  sheUs  of  the  same  species  as  those 
most  common  in  the  adjacent  seas),  from  latitude  33  40'  to  53^  20' 
south,  or,  in  other  words,  for  nearly  1400  nules  in  length,  with  a 
breadth  of  nearly  400  miles.  In  some  parts  the  elevation  amounts 
to  400  feet  in  the  southern  part,  and  100  feet  in  the  northern,  and 
elsewhere  it  may  even  be  more  considerable.  The  total  area  it 
occupies  is  perhaps  twice  or  thrice  that  of  aU  France.  It  consists 
of  a  more  or  less  duU  reddish  slightly  indurated  argiQaceous  earth 
or  mud,  often  including  concretions  of  marl  in  horizontal  bands. 
The  mud  does  not  contain  carbonate  of  lime,  but  the  concretions 
are  chiefly  composed  of  this  mineral.  They  usuaUy  possess  an 
organic  nucleus.  Throughout  this  mud  fragmoits  of  extinct 
species  of  quadrupeds  have  been  found,  often  of  the  most  remark- 
able character, — ^the  ancient  representatives  of  the  Sloth,  the  Arma- 
dillo, and  some  of  the  rodents  now  inhabiting  the  southern  part  of 
South  America.  The  Megatherium  and  Mylodon,  the  Glyptodon, 
the  Toxodon,  and  others,  have  been  the  subjects  of  minute  de- 
scription by  Professor  Owen,  and  many  of  their  complete  skele- 
tons have  been  brought  to  Europe.  In  addition  to  the  mammifers, 
numerous  fossil  shells  are  described,  most  of  them  identical  with 
or  resembling  those  now  living  in  adjacent  seas.  The  fine  mud 
containing  the  fossil  bones  has  been  examined  under  the  micro- 
scope, and  is  found  to  contain  infusorial  cases,  some  of  them  ma- 
rine, some  freshwater,  and  some  terrestrial  in  their  origin.  The 
whole  series  of  the  Pampean  formation  was  probably  slowly  accumu- 
lated at  the  mouth  of  the  former  estuary  of  the  Plata,  and  in  the 
sea  adjoining,  being  elevated  gradually,  with  intervals  of  repose. 
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I>rifb  deposits. 

836.  So  many  extensive  tracts  in  England,  Northern  ipurope, 
Northern  Asia,  and  the  two  Americas  are  covered  with  irregular 
accumulations  of  gravel,  partly  rolled  and  rounded  by  the  actiou 
of  water,  and  such  wide  tracts  are  occupied  by  contemporary  de- 
posits, that  the  consideration  of  the  Drift  period,  under  which 
name  they  are  here  included,  has  become  one  of  the  most  im- 
portant and  interesting  departments  of  modem  geology.  This  ia 
the  case,  not  only  from  the  extent  and  nature  of  the  deposits,  but 
also  from  the  organic  remains  of  extinct  races  of  quadrupeds  fre- 
quently associated  with  them. 

Under  the  general  term  Drift  we  shall  find  it  convenient  to 
include  a  number  of  accumulations,  which  may  be  thus  grouped 
in  descending  order : — 

1.  Freshwater  beds. — Sands,  marls,  and  gravels. 

2.  Cavern  deposits, 

3.  Glacial  Beds  and  Till. — Sands,  gravels,  and  clay  marls,  often  stratified, 
together  with  unstratified  clays  and  grayels,  with  boulders,  common  in  the 
valley  of  the  Clyde,  and  many  other  parts  of  the  British  Islands. 

4.  Mammaltferous  or  Norwich  Croff. — Fossiliferous  sands,  shingles,  and 
loam,  partly  of  freshwater  origin. 

[The  sands  and  clays  of  Bridlington  are  equivalents.] 

837.  Th©  freshwater  marls,  sands,  and  gravels,  found  at  the 
mouth  of  the  Thames,  the  Stour,  and  the  Medway,  and  in  parts 
of  Sufiblk,  belong  to  the  newer  part  of  the  Drift  period  The 
Till  is  a  widely  spread  and  more  clayey  mass,  generaUy  composed 
of  less  completely  rounded  blocks  of  stone.  Parts  of  it  are  some* 
times  called  Boulder  clay.  This  part  of  the  series  extends  in  the 
same  form  over  parts  of  Scandinavia,  Eussia,  Northern  Germany, 
and  Northern  America,  and  contains  fossils  rarely.  Underlying 
the  Till  are  shelly  beds  of  sand  and  loam,  well  exhibited  in  the 
neighbourhood  of  Norwich,  and  also  at  Southwold,  in  Suffolk. 
This  formation  appears  to  have  taken  place  at  the  mouth  of  a> 
river,  as  many  as  twenty  species  of  land  and  freshwater  shells, 
together  with  numerous  mammalian  remains,  being  disWbuted 
through  it.  Mr.  Charlesworth  has  named  it  i^e  MammaliferotLS 
Crag,  and  it  well  deserves  the  name,  as  presenting  numerous 
mammalian  remains  imbedded  in  a  regular  stratum.  It  is  also 
called  the  Norwich  Crag.  In  Yorkshire,  near  Bridlington,  there 
are  certain  deposits  of  sand  and  clay  containing  marine  shells,  of 
which  thirty  or  forty  species  have  been  determined,  and  most  of 
them  are  identical  with  Norwich  Crag  fossils. 

838.  The  true  drift  of  the  British  Islands  may  be  described  as 
consisting  generally  of  rolled,  water-worn,  and  transported  frag- 
ments of  hard  rock,  varying  in  size  from  many  cubic  yards  to  the 
smallest  pebble,  but  arranged  with  some  degree  of  regularity,  and 
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on  the  whole  more  stratified  in  the  upper  than  the  lower  part. 
Towards  the  base  the  blocks  are  less  regular  and  uniform  in  size, 
and  often  less  rounded  by  attrition  than  in  the  upper  beds,  and 
are  associated  with  more  stiff  clay,  insomuch  that  the  latter  somcr 
times  almost  replaces  the  transported  blocks  or  boulders,  and 
forms  a  mass  of  tenacious  clay  interstratified  very  imperfectly 
with  sand.  The  rocks  on  which  these  materials  are  heaped  often 
show  marks  of  strong  mechanical  action,  having  been  rubbed 
smooth  and  almost  polished,  or  else  grooved,  striated^  an^ 
scratched,  frequently  in  parallel  lines,  and  nearly  in  the  same 
direction  over  large  areas.  The  material  drifted  varies  greatly, 
sometimes  consisting  almost  entirely  of  rocks  that  have  been  con* 
veyed  from  a  great  distance,  and  over  broad  tracts  of  deep  sea, 
but  occasionally  and  not  unfrequently  derived  either  from  rocks 
still  ift  situ^  or  from  others  lately  removed  by  denudation  from 
the  vicinity  of  the  deposit.  Thus  the  common  gravel  in  many 
parts  of  the  south-west  of  England  is  composed  of  roUed  flints 
from  the  beds  of  chalk  which  once  existed  in  the  immediate 
vicinity ;  but  in  the  middle  and  east  of  England  the  material  is 
either  granite  and  other  crystalline  rock  from  the  Cumberland 
mountains ;  or  consists  of  fragments  of  limestone  and  sandstone, 
or  even  of  clay,  from  adjacent  and  only  partly  denuded  beds. 

839.  These  beds  were  called  by  Professor  E.  Eorbes  Glacial,  be- 
cause they  appear  to  have  been  formed  in  a  very  cold  or  even  icy 
sea,  subject  constantly  to  the  presence  of  large  bergs  and  fields 
of  drifting  ice.  The  existing  land  flora  and  marine  fauna  of  many 
parts  of  Northern  Europe,  and  especially  of  the  northern  parts  of 
the  British  Islands,  add  to  the  large  body  of  evidence  that  exists 
in  favour  of  this  view ;  but  we  would  by  no  means  be  understood 
to  advocate  the  idea,  that  any  considerable  amouiit  of  ice  then 
existed  as  glaciers  covering  the  land  in  our  temperate  latitudes, 
believing  rather  that  much  of  what  is  now  land  was  then  beneath 
the  waves  of  the  sea,  and  often  served  to  detain  floating  icebergs, 
and  receive  their  load  of  mud  and  transported  blocks  of  stone. 

840,  In  many  limestone  districts  the  rock  has  been  occasionally 
fissured,  and  caverns  either  formed  in  it  or  subsequently  enlarged 
by  the  infiltration  of  water.  Such  caverns  have  often  long  served 
as  the  dens  of  wild  beasts,  and  have  sometimes  been  subsequently 
filled  up  by  fluviatile  deposits  drifted  into  them.  The  filling  up 
of  the  caverns  was  probably  not  the  work  of  any  one  period,  but 
spread  over  a  considerable  time ;  but  still  the  greater  part  of  the 
animal  remains  point  to  the  Drift  period  as  that  during  which  the 
principal  change  of  this  kind  took  place.  The  material  in  the 
caverns  is  usually  loam  and  river  silt,  but  it  is  not  unmixed  with 
angular  blocks,  and  in  many  cases  seems  to  have  been  accumulated 
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at  long  intervals.  The  bones  found  are  chiefly  those  of  races  of 
bears  and  hyienas  which  had  inhabited  the  caves,  but  include  also 
the  remains  of  their  prey,  and  fragments  of  other  animals,  such 
as  ruminating  animals,  elephants,  and  rhinoceroses, — ^probably 
drifted  in.  The  flints  and  other  boulders  introduced  are  some- 
times, though  very  rarely,  accompanied  by  human  remains,  and 
not  unfrequently  by  remains  of  species  of  quadrupeds  still  common 
in  the  country*. 

841.  Caverns,  partly  filled  with  marl,  and  containing  the  re- 
mains of  the  former  inhabitants  of  the  country,  among  whom 
must  be  reckoned  a  race  of  human  beings  unlike  the  existing 
tribes,  have  been  found  and  examined  in  Brazil,  and  seem  to  be 
contemporaneous  with  the  deposit  of  the  Pampas  beds.  As  many 
as  101  species  referred  to  no  less  than  50  genera  of  mammals 
have  been  described  by  various  authors,  but  chiefly  by  Messrs. 
Lund  and  Claussen,  and  almost  all  these  are  distinct  from  the 
animals  now  inhabiting  the  country.  Australia,  also,  has  yielded 
an  extinct  fsiuna  under  very  similar  circumstances,  and  in  each 
case  the  animals  which  have  disappeared  exhibit  gigantic  anti- 
types of  the  existing  natural  families. 

842.  It  would  occupy  far  too  much  space  if  we  were  here  only 
to  enumerate  all  the  localities  in  which  drift  beds  exhibiting  some 
peculiarities  of  aspect  or  condition  are  to  be  found  within  the 
compass  of  England.  So  varied  are  the  appearances  presented, 
and  so  numerous  the  local  appellations  given,  that  volumes  have 
been  written  on  the  subject,  and  the  deductions  are  not  less  inter- 
esting than  the  range  of  facts  is  extensive.  In  the  south  of 
Scotland  and  in  Ireland  the  phsenomena  are  usually  more  developed 
than  in  England,  and  the  variety  of  deposits  greater ;  most  of 
them,  however,  consisting  of  sands,  clays,  and  gravels  of  peculiar 
kind,  unlike  the  more  regularly  bedded  rocks.  The  totsu.  thick- 
ness is  sometimes  as  much  as  300  feet,  and  the  deposit  is  often 
nearly  700  feet  above  the  level  of  the  sea.  In  Scandinavia,  and 
especially  in  Denmark,  the  general  character  of  the  drift  is  nearly 
the  same,  except  that  the  materials  seem  to  have  been  not  so  far 
transported,  and  in  this  respect  they  may  be  considered  to  ap- 
proximate in  character  the  flint  gravels  of  the  neighbourhood  of 
London,  but  still  more  resemble  the  superficial  deposits  accumu- 
lated throughout  Northern  G-ermany. 

843.  The  transported  drift  of  Northern  Europe  may  be  re- 
garded as  a  continuous  stream  of  fragmentary  material,  radiating 

*  The  most  remarkable  caverns  in  England  are  in  the  mountain  limestones  of  Somersetshire, 
Yorkshire,  and  Derbyshire.  On  the  Continent  the  mountain  limestone  of  Belgium  (chiefly  on  the 
banks  of  the  Meuse,  near  Namur),  the  oolitic  limestones  of  Northern  Bavaria,  and  those  of  Central 
France  are  the  most  remarkable.  The  age  of  the  limestone  is  ^uite  immaterial  in  reference  to 
the  nature  of  the  cavern  or  the  date  of  its  being  filled  up  with  drift  deposits. 
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firom  Scandinavia  and  other  mountainous  countries  near  the  Arctic 
Circle,  and  only  broken  at  intervals  by  natural  interruptions. 
The  materials  gradually  become  less  in  amount,  of  smaller  dimen- 
sions, and  more  distinct  from  the  local  rocks,  as  they  recede  from 
the  northern  mountain  tracts,  and  the  source  is  less  manifest  at 
the  more  distant  points.  It  is  therefore  in  Sweden  and  the 
islands  of  the  Baltic  that  the  most  characteristic  forms  of  the 
heaps  are  to  be  found ;  and  there  we  see  lulls  of  elongated  form, 
called  oswr^  ranging  from  north  to  south,  often  consisting  only  of 

Fig.23& 
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View  of  an  Os,  or  gravel-hill. 

coarse  gravel,  and  occasionally  rising  to  100  or  200  feet  above  the 
lower  country.  One  of  these  is  represented  in  %%,  238,  and  in 
most  of  them  the  surface  is  covered  with  large  angular  blocks, 
which  appear  to  have  proceeded  from  the  N.W.  or  N.ST.  W.  Near 
their  origin  these  blocks  are  of  gigantic  magnitude,  several  having 
been  described,  each  of  which  must  contain  many  thousand  cubic 
feet,  and  one  having  a  circumference  of  140  feet  and  a  height 
of  30  feet.  The  greater  part  of  the  gravel  of  these  hills  is  of 
small  dimensions,  and  mixed  with  much  sand,  and  they  almost 
always  exhibit  a  slope  and  a  scarped  side;  the  former  being 
towards  the  north,  which  is  the  source  of  the  detritus. 

The  striation  and  polishing  of  the  rocks  over  which  the 
northern  drift  has  passed,  is  a  phsBnomenon  which  has  attracted 
much  attention,  and  which  is  very  similar  to  the  appearance  pre- 
sented in  the  Alps  of  Swdtzerland,  where  glaciers  have  moved 
along,  down  the  valleys  of  that  country.  The  striation  is  gene- 
rally in  the  direction  of  distribution  of  the  gravel,  and  varies  in 
different  places,  no  doubt  in  consequence  of  the  local  deviation 
of  marine  currents. 

844.  The  whole  district  thus  covered  at  intervals  by  the 
northern  drift  extends  across  Europe  from  the  Western  Islands 
of  Scotland  to  the  flanks  of  the  Ural  Mountains,  and  from  the 
mountains  of  Scandinavia  to  Central  Ghermany  and  Poland.  The 
spherical  triangle  thus  formed  will  be  found  to  contain  not  less 
than  2,000,000  of  square  miles ;  the  number  of  blocks  diminish- 
ing towards  the  extremity,  but  not  regularly,  being  interrupted 
by  such  natural  obstacles  as  the  mountain  ranges  of  the  Hartz,  of 
Saxony,  and  of  Silesia,  and  the  heaps  generally  including,  together 
with  the  transported  blocks,  a  large  quantity  of  material  torn  up 
from  the  rocks  of  the  country. 
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846.  A  wide  distribution  of  flints  from  the  chalk  once  covering 
that  part  of  the  country  has  been  traced,  not  only  in  the  BOuth«> 
east  of  England,  but  tlurough  many  parts  of  France  and  Belgium. 
With  these  there  is  rarely  any  admixture  whatever  of  older  rocks, 
irony  sand  only  being  associated  with  the  rounded  flints,  and  the 
deposits  do  not  often  present  any  considerable  thickness.  Further 
south,  the  uppermost  beds,  though  probably  of  the  same  date  as 
these,  do  not  put  on  the  same  character,  and  cannot  be  properly 
described  by  the  term  ^  drift.*  Chalk  flints  have  been  found  on  the 
coast  of  Scotland  in  Aberdeenshire. 

846.  The  diluvial  gravels  which  extend  so  widely  in  Northern 
Europe  are  met  at  the  foot  of  the  Ural  Mountains  by  remarkable 
auriferous  alluvial  deposits,  whence  have  been  obtained,  for  many 
years,  considerable  supplies  of  gold.  On  the  eastern  flanks  of  the 
same  mountain  chain,  the  auniferous  deposits  are  even  more  re- 
markable for  the  abundance  of  their  gold  produce  than  on  the 
western,  but  no  true  drift  including  erratic  blocks  seems  to  exist 
between  these  alluvia  and  the  Altai  Mountains.  In  the  northern 
part  of  Siberia,  however,  and  on  the  shores  of  the  Arctic  Ocean, 
there  are  extensive  deposits,  chiefly  of  frozen  gravel,  containing 
the  bones  and  sometimes  the  carcases  of  large  land  animals  which 
must  belong  to  nearly  the  same  date.  These  extend  very  far  east, 
and  terminate  only  on  the  shores  of  the  Pacific.  In  addition  to 
these  accumulations  in  the  northern  division  of  the  continent^ 
true  gravel  and  erratic  blocks  have  been  found  on  the  summits  of 
the  loftiest  elevations,  near  Macao,  in  China.  They  are  chiefly  of 
granite,  and  of  enormous  dimensions,  but  it  seems  questionable 
whether  they  can  be  regarded  as  continuous  through  any  exten- 
sive district. 

847.  North  America  presents  a  formation  of  transported  drift 
strictly  analogous  with  that  of  Northern  Europe.  There  are  the 
same  heaps  of  angular  rocks  brought  from  a  distance,  associated 
with  finer  sand,  rolled  fragments,  and  clays — ^they  are  traced  in 
the  same  way  from  the  north  through  1500  miles  of  latitude,  and 
nearly  across  the  continent,  and  the  gravel  hills  consist  partly  of 
material  brought  from  a  distance,  partly  of  rocks  torn  up  from 
tne  immediate  vicinity.  The  underlying  rocks  are  also  striated 
and  furrowed,  and  even  polished,  in  a  very  similar  manner.  The 
accumulation  is  described  as  being  of  loosely  aggregated  materials, 
consisting  of  sand,  clay,  gravel,  and  boulders  of  all  dimensions, 
very  irregularly  mixed  and  imperfectly  marked  with  local  stratifi- 
cation, as  if  by  the  action  of  violent  currents.  These  materials 
all  proceed  from  rocks  situated  to  the  north-west,  from  which  they 
are  now  separated  by  plains,  valleys,  and  even  high  mountains, 
and  there  is  no  appearance  of  their  having  radiated  from  any 
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determinable  central  points*  The  southern  limit  of  the  con- 
tinuous deposit  is  a  Ime  drawn  from  Long  Island  through  the 
north  of  Pennsylvania  to  the  Ohio,  but  outliers  of  similar  gravel 
are  found  in  the  valleys  of  the  Delaware,  the  Susquehannah,  and 
the  Mississippi,  and  very  far  to  the  south. 

848.  The  gravel  deposits  in  South  America  consist  of  accumu- 
lations somewhat  similar  to  the  drift  of  the  Northern  Hemisphere, 
but  extending  much  more  continuously  and  over  even  a  wider 
range.  These  have  been  already  referred  to ;  but  beneath  them 
there  appears  a  series  of  beds,  also  of  vast  extent,  consisting,  for 
the  most  part,  of  argillaceous  earth,  passing  into  a  compact  marly 
rock,  and  containing  numerous  fossils,  some  of  them  being  inj^- 
sorial  animalcules,  and  others  belonging  to  the  most  gigantic 
quadrupeds  that  have  yet  been  discovered  to  have  existed  on  the 
earth.  These  have  been  observed  over  an  area  at  least  equal  to 
that  of  Prance,  and  probably  twice  or  thrice  as  great,  and  are 
everywhere  of  great  thickness,  and  quite  unbroken. 

849.  As  containing  one  of  the  more  remarkable  of  the  con- 
temporary deposits  of  this  period,  we  must  now  refer  to  India, 
where  the  local  accumulation  known  as  Ktmktir,  and  very  widely 
spread  over  the  peninsula,  seems  to  correspond  pretty  well  with 
the  drift  of  Europe.  It  is  compact,  often  nodular  or  tufaceous, 
and  fi^quently  small  concretionary,  of  light  brown,  reddish,  or 
ash-grey  colour,  and  rarely  fossiliferous.  In  its  composition  it  is 
chiefly  calcareous,  contaimng  about  72  per  cent,  of  carbonate  of 
lime  and  15  per  cent,  of  silica,  with  18  per  cent,  of  alumina.  It 
spreads  over  a  very  large  proportion  of  India  and  the  adjoining 
countries,  being  more  especially  abundant  in  the  line  of  country 
running  up  from  G-ujerat  to  the  north-east,  towards  Delhi.  It  is 
constantly  observed,  not  only  occupying  the  low  ground,  but 
reposing  under   the  vegetable  soil  of  the  elevated  plains  and 

Elateaux  of  Central  India,  and  even  on  the   summits  of  hills 
etween  2000  and  3000  feet  above  the  level  of  the  sea.    The 
Kunkur  is  not  generally  stratified. 

850.  Concerning  the  fossils  of  the  Drift  period  we  have  already 
had  occasion  to  mention  the  abundance  of  mammalian  remains 
in  various  cavern  and  gravel  deposits.  The  most  remarkable 
of  these  belonged  to  large  pachydermal  species  and  some  large 
ruminants,  whose  bones  are  common  in  Western  Europe  and 
England,  and  of  which  complete  carcases  have  been  found  in 
Siberia.  The  gigantic  extinct  quadrupeds  of  South  America  and 
Australia,  and  the  birds  of  New  Zealand,  are  other  examples. 
Of  the  true  drift  species  of  the  Northern  Hemisphere,  we  may 
name  the  Mammoth,  or  fossil  Elephant;  the  Mastodon,  nearly 
allied  to  the  Elephant,  and  chiefly  a  North  American  representa- 
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tive  form,  though  extending  also  oyer  Northern  Europe;  two 
extinct  Rhinoeeroteg ;  extinct  BpedeB  of  Sippopotamws ;  several 
large  ruminants,  among  which  the  (7nw  ia  the  most  interesting ; 
a  gigantic  Betv  (see  fig.  239)  ;    some   large  feline  animab,  and 

Fig.  239. 


a  gigantic  Hyana ;  a  gigantic  species  representing  the  Beaver 
(^^ogontherium)  ;  and  some  Whales.  In  South  America,  several 
^gantic  Sloths,  and  some  lai^e  Monkeys,  accompany  a  multitude 
of  better  known  and  more  common  forma ;  while  in  Australia,  the 
ancient  apeciea  were  also  gigantic  representatives  of  the  existing 
marsupial  races,  now  represented  by  the  Kangaroos,  Wombats, 
and  other  abundant  tribes. 

851.  The  remaiuB  of  Fish^  are  not  common  in  any  deposits  of 
the  Drift  period.  With  regard  to  the  Mollusca,  we  append  the 
following  remarks  by  the  late  Professor  E.  Forbes : — "  The  fossils 
found  in  the  British  marine  pleistocene  are  chiefly  remains  of  Mol- 
lusca.  They  are  aU  either  living  British  species,  now  chiefly  found 
within  the  Celtic  region ;  or  such  as,  though  still  living  witnin  our 
area,  are  only  abundant  in  the  Boreal  region  ;  or  sudi  as  are  ei- 
tinct  in  our  seaa,  but  still  survive  in  the  Arctic  regions,  or  on  the 
coasts  of  Boreal  America.  A  few  southern  forms  which  do  not 
now  range  to  our  seas,  accompany  them.  The  fauna  of  the  glacial 
beds,  including  the  Mammaliferous  crag,  consists  of  above  170 
species  of  marine  tuiiniaLs,  chiefly  MoUusca." 

Alluvial  and  Modem  D^otiU. 

852.  Under  this  head  we  include  all  the  newest  tertimy  depo- 
sits ;  but  they  are  presented  in  forms  so  different,  they  have  so 


BAISED  BEAOHSS.  423 

little  connexion  with  each  other  even  in  the  same  country,  and 
they  pass  so  insensibly  into  the  overlying  modem  vegetable  soil 
and  the  underlying  gravel,  sand,  or  day  of  the  district,  that  it  is 
scarcely  possibly  to  define  their  true  nature,  age,  or  position.  "We 
must,  therefore,  refer  to  the  principal  beds,  and  compare  them  in 
the  best  manner  that  circumstances  will  admit. 

853.  Baised  leaches  have  been  already  mentioned  (§  196, 197) 
as  observed  in  various  countries,  especially  England  and  Scandi- 
navia, and  as  proviug  great  change  in  the  relative  level  of  land 
and  water  within  a  comparatively  recent  period,  and  in  countries 
far  removed  from  volcanic  agency*  It  would  seem  that  one  axis 
of  these  elevations  has  passed  through  part  of  North  Wales, 
where  recent  shells  are  found  bedded  at  a  height  of  1000  feet 
above  the  sea,  while  on  either  side  to  the  south  and  north  there 
are  no  distinct  proofs  of  elevation  to  so  great  an  extent.  From 
the  southern  extremity  of  England  to  Spitzbergen — ^a  distance  of 
2000  miles — evidence  is  obtained  at  intervals  of  change  of  eleva- 
tion of  the  beds ;  and  the  changes  seem  to  have  been  rather  by 
alternate  periods  of  elevations  and  rest  than  by  successive  or 
continuous  upheavals.  That  a  very  long  period  must  have  elapsed 
dunng  this  course  of  proceeding  is,  however,  clear,  from  the  effect 
produced  on  the  hard  rocks  forming  great  part  of  the  coast-line 
of  Scandinavia;  and  that  the  periods  of  repose  were  very  long 
continued  is  also  certain  from  the  terraces  or  shelves  formed  in 
the  cliff,  nearly,  but  not  quite  parallel  to  each  other,  and  repeated 
successively  at  several  altitudes  above  the  present  level  of  the  sea. 
These  shelves  ofben,  indeed,  present  the  only  permanent  marks  of 
the  former  condition,  for  tnough  when  sea-beaches  they  were 
covered  by  shiugle,  this  has  frequently  been  removed  since,  and 
the  marks  of  the  sea  nearly  obliterated ;  and  careful  observations 
made  upon  continuous  lines  of  them  have  led  to  very  interesting 
results.  On  the  northern  coasts  of  Scandinavia  there  appears  to 
be  one  of  these  traceable  continuously  for  a  long  distance,  its 
highest  elevation  being  about  220  feet  above  the  sea,  and  gra- 
dually lowering  to  92  feet.  Below  this  is  a  lower  liue  at  a  height 
from  the  sea  varying  from  91  feet  to  46,  and  there  are  also  some 
intermediate,  and  some  lower  terraces  not  so  distiuctly  marked 
(see  fig.  240).  Beyond  the  tract  thus  carefully  examined,  and, 
indeed,  throughout  Norway  to  its  southern  extremity,  there  are 
similar  facts  presented.  In  the  neighbourhood  of  Trondjem,  shells 
are  found  on  the  cliffs  upwards  of  400  feet  above  the  sea,  and  the 
elevation  has  reached  100  feet  higher,  the  deposit  consisting  of 
blidsh  clays  with  hydrous  earthy  oxide  of  iron.  On  the  shores  of 
the  Baltic  the  elevations  are  not  so  considerable,  but  sometimes 
even  more  distinct ;  and  at  Uddevalla  in  Sweden  is  a  celebrated 
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locality  which  attracted  the  attention  of  LinnsBus,  and  has  sinc^ 
been  aescribed  by  other  travellers,  where  several  species  of  shells 
are  found  in  great  abundance  in  a  bed  more  than  200  feet  above 
the  present  level  of  the  Baltic,  resting  on  rocks  of  gneiss,  and  all 


Fig.  240. 


Raised  beaches  on  the  shores  of  Scandinavia. 

the  species  identical  with  those  now  inhabiting  the  contiguous 
ocean.  Almost  everywhere  in  the  northernmost  part  of  the 
British  Islands,  but  especially  in  the  Shetland  Islands  and  be- 
tween the  main  land  and  Western  Islands  of  Scotland,  similar 
marks  of  recent  elevation  to  an  extent  of  about  250  feet  have 
been  clearly  traced,  while  further  to  the  south  the  elevation  in- 
creases ;  and  at  Moel  Trefaen,  in  North  Wales,  recent  shells  are 
found  at  the  height  of  1630  feet  above  the  sea — ^the  highest  point 
yet  traced.  Towards  the  south  coast  of  England,  where  the  evi- 
dences of  raised  beaches  are  also  met  with,  and  are  sufficiently 
common,  the  amount  of  elevation  is  not  so  considerable,  ranging 
generally  about  60  feet  only,  although  sometimes  more.  On  the 
eastern  coast  of  our  island  the  evidence  is  of  an  opposite  kind, 
indicating  a  small  amount  of  depression. 

Besides  the  raised  beaches  and  other  indications  of  compara- 
tively modem  change  seen  on  the  coast,  the  interior  of  the  coun- 
try as  well  in  England  as  in  Belgium,  Germany  and  Prance,  often 
presents  similar  proof  in  river-valleys,  and  in  the  sand  and  mud 
filling  up  caverns  in  limestone  and  other  rocks.  Many  of  these 
caverns  have  been  filled  up  at  successive  periods,  and  thus  it  is 
difficult  to  assign  any  distinct  date  for  them.  Most  of  them  be- 
long to  an  earlier  period,  and  have  been  already  referred  to. 

854.  The  silt  of  the  valley  of  the  Bhine,  known  locally  by  the 
names  lehm,  or  loess,  consists  of  a  deposit  of  yellowish  marl,  often 
not  less  than  50  feet  thick,  and  containing  numerous  calcareous 
concretions  and  sandy  nodules,  forming  small  groups  of  hiUs  at 
the  foot  of  each  of  the  mountain-chains  which  enclose  the  river 
valley.  Interstratified  with  it  are  volcanic  ashes,  thrown  out 
during  the  latest  eruptions  of  the  now  extinct  volcanoes  of  the 
Eifel  and  other  adjoining  districts,  and  the  Ehine  has  since  eaten 
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out  a  passage,  frequently  leaving  exposed  cliffs  of  considerable 
magnitude.  This  bed  is  sometimes  as  much  as  1500  feet  above 
the  sea,  and  where  it  terminates  near  Switzerland  is  seen  to  repose 
on  roUed  flints  and  other  pebbles  of  the  older,  or  Drift  perioiL 

865.  It  is  extremely  difficult  to  determine  the  contemporaneity 
of  deposits  overlying  aU  others,  often  quite  unaccomp|nied  by 
fossils,  and  having  no  relations  whatever  of  mineral  composition. 
Thus  it  is  that  the  freshwater  marls  occupying  basins  of  small 
dimensions  on  the  surface  of  gravel,  are  only  doubtfully  identified 
with  the  shelly  sands  of  the  recently  elevated  beaches ;  and  hence 
also  there  is  great  doubt  in  the  proposed  reference  of  certain  large 
marine  deposits,  very  shallow,  and  nearly  or  quite  horizontal,  to 
the  same  comparatively  recent  period.  We  are,  however,  inclined 
to  mention  here  not  only  the  wnite  marls  of  the  north  of  the  Isle 
of  Man,  and  many  parts  of  Ireland,  and  the  bog  and  other  peat- 
moss deposits  of  the  latter  country,  the  east  of  iSigland,  and  many 
parts  of  North  America,  but  also  the  Tchornozem,  or  black  earth 
of  the  Aralo- Caspian  plain,  the  Begv/r,  or  cotton  soil  of  India,  and 
some  portion  at  least  of  the  deserts  of  Africa,  and  the  vast  terraces 
of  Patagonia.  These  aU  exhibit  broad  tracts,  only  recently 
brought  into  the  condition  of  dry  land,  and  are  occupied  by 
deposits  which  seem  too  modem  to  be  referred  to  the  gravels  and 
other  beds  of  the  same  countries,  containing  many  extmct  species 
of  animals.  The  common  soil  at  the  surface,  in  most  places  con- 
taining carbon  and  available  for  agricultural  purposes,  must  also 
be  regarded  as  being  comparativdy  a  very  recent  accumulation 
of  materials. 

856.  The  black  earth  of  the  south  of  Bussia  extends  on  the 
right  bank  of  the  Volga  from  the  foot  of  the  Carpathians  to  the 
Ural  mountains,  over  a  range  of  country  occupying  no  less  than 
100,000,000  of  acres.  It  consists  of  an  extremely  fertile  soil,  pro* 
viding  food  for  upwards  of  20,000,000  of  inhabitants,  and  annually 
exposing  upwards  of  50,000,000  of  bushels  of  com  of  various 
kinds.  It  bears  successive  crops  of  the  same  com  for  years  to* 
gether  without  manure,  and  almost  without  care.  Its  thickness 
is  variable,  amounting  in  some  places  to  nearly  20  feet,  and  it  is 
composed  chiefly  of  silica,  with  a  little  alumina  and  iron  oxide, 
and  about  7  per  cent,  of  carbon  and  other  material  dissipated  by 
heat,  of  whidi  no  less  than  2*45  is  nitrogen  gas.  A  very  large 
portion  of  the  remainder  of  the  combustible  portion  is  of  vegetable 
origin.  This  remarkable  deposit  covers  every  other  in  the  district, 
and  is  found  at  very  different  elevations. 

857.  The  Begur,  or  cotton  soil,  covers  at  least  one-third  part  of 
Southern  India,  and  ranges  also  northwards  to  a  great  distance 
and  into  the  Birman  Empire.    It  is  found  principally  in  the  ele^ 


426  DBSOBIPTIYE  GEOLOGY. 

vated  plateaux  of  the  Deccan,  and  in  Hjdrabad,  Nagpoor,  and  the 
south  of  the  Mahratta  country.  It  occupies  nearly  level  plains : 
its  colour  is  bluish-black,  greenish  or  dark  grey,  it  forms  into  a 
paste  with  water,  and  gives  a  clayey  odour.  It  absorbs  moisture 
rapidly,  and  parts  with  it  in  dry  and  hot  weather.  Its  thickness 
varies  &^m  3  to  about  20  feet.  It  is  cultivated  very  easily,  yield- 
ing a  rotation  of  crops,  consisting  of  cotton  and  two  kinds  of  com. 
It  rarely  requires  to  be  leftfallow,and  demands  but  little  husbandry, 
although  for  the  last  2000  years  this  soil  has  continued  in  cultiva- 
tion without  manure,  retaining  the  utmost  fertility.  The  follow- 
ing are  analyses  of  the  Tchamozem  and  Begur  respectively ;  and 
the  reader  is  referred  to  a  former  paragraph  for  an  analysis  of  the 
mud  of  the  Nile,  which  may  with  advantage  be  compared  with 
these,  as  being  a  river  deposit  probably  very  analogous. 

Tcfaomozem.  Regur. 

Sflica 75-00  48-20 

Alumina 9-09  20-30 

Carbonate  of  lime a.  16*00 

Carbonate  of  magnesia P  10*20 

Oxide  of  iron 5*56  1*00 

Water  and  i>rganic  matter   6*95  4*30 

96*60      10000 

a.  The  quantity  small,  but  not  specified. 

858.  Very  modem  deposits,  analogous  to  those  already  described 
as  occurring  in  the  Old  W  orld,  are  round  also  in  America.  In  the 
northern  division  of  the  latter  continent  these  include  the  sands 
spread  over  a  vast  plain  in  the  Texas,  and  similar  deposits  in  the 
Southern  States  of  Louisiana  and  Florida.  Manv  of  these  are  fresh- 
water and  of  modem  date ;  others  are  shelly  banks  recently  formed, 
and  sometimes  ver^  recently  elevated.  The  Northern  States  and 
Canada  are  not  without  contemporaneous  accumulations.  The 
valley  of  the  Mississippi  has  been  subject  to  undulations  within 
the  present  century.  The  Bluffs  of  this  river  are  in  many  parts 
of  very  modem  date,  although  of  considerable  elevation. 

In  South  America  the  newest  deposits  of  Patagonia  are  of  marine 
origin,  and  their  extent  is  enormously  great.  Throughout  the 
whole  range  there  can  be  little  doubt  of  the  presence  of  occasional 
deposits  referable  to  the  period  we  are  now  considering.  Some 
are  of  greater  age,  ranging  back  into  the  period  of  our  gravel,  but 
the  chief  deposits  belong  to  the  most  recent  period,  and  are  con- 
nected with  changes  still  going  on. 

859.  Australia  also  contains  vast  tracts  recently  modified,  and 
belonging  to  the  newest  geological  epoch.  The  newest  beds  on 
the  eastern  side  are  sands  and  gravels,  covering  raised  beaches ; 
and  these  latter  seem  traceable  at  intervals  from  Van  Diemen'a 
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Land  to  tlie  northern  extremity  of  New  South  Wales,  some  being 
from  60  to  90  feet  above  the  sea,  and  composed  of  hardened  clays, 
containing  remains  of  Oysters  and  Anomias,  resembling  existmg 
species.  'New  Zealand  also,  in  its  accumulations  of  the  fossil 
bones  of  an  extinct  gigantic  race  of  birds,  exhibits  some  proof  of 
recent  change,  since  the  gravels  in  which  these  bones  are  con- 
tained cannot  be  of  very  ancient  date. 

860.  The  gold  gravels  of  Australia,  California  and  New  Zealand, 
as  well  as  those  of  Siberia,  appear  to  be  of  various  dates,  although 
all  belonging  to  this  period. 

In  Australia^  at  Victoria,  there  are  two  beds  of  auriferous  gravel, 
one  .below  an  eruption  of  basalt,  and  another  overlying  the  basalt. 
The  former  is  in  some  places  extremely  rich,  at  a  depth  of  from 
120  to  130  feet.  Both  here  and  at  Peel  Eiver  the  gold  alluvia 
appear  to  extend  to  the  most  recent  deposits.  The  Eev.  W.  B. 
Clarke  has  described  alluvial  soils  in  New  South  Wales  containing 
the  remains  of  gigantic  quadrupeds. 

The  Califomian  diggings  are  chiefly  in  a  boulder  formation, 
whose  depth  varies  from  a  few  feet  to  upwards  of  30  yards.  There 
appears  at  present  but  little  to  mark  the  exact  date,  but  it  cer- 
tamly  ranges  over  a  considerable  time. 

861.  It  wiU  naturally  be  inquired  by  the  student,  whether  in 
the  investigations  made  concerning  these  newest  deposits,  the 
remains  of  man  have  been  found  included  with  those  of  animals 
of  lower  organization,  and  also  whether  any  cause  is  discovered  by 
whose  agency  the  various  movements  of  the  land  can  be  explained. 
This  subject  is  still  involved  in  some  doubt.  Human  remains 
have  been  found  in  a  very  recently  formed  limestone  rock  on  the 
shores  of  the  island  of  Ghiadaloupe,  and  in  cavern  deposits  in 
England  and  Europe ;  but  whether  they  pass  beyond  tne  usual 
limits  of  what  is  considered  the  historic  period  is  not  so  clear. 
Some  marks  of  human  contrivances,  and  even  some  bones  of  man, 
have  been  found  in  caverns  with  the  bones  of  a-nimals  locally,  if 
not  absolutely,  extinct,  and  the  marls  of  the  lower  part  of  the 
period  we  are  now  considering  have  yielded  in  the  British  Islands 
firagments  of  similar  kind,  with  the  bones  of  an  extinct  and  gigantic 
kind  of  deer.  Other  similar  indications  have  been  found  in 
America,  and  it  would  certainly  be  unsafe  to  assert,  in  the  face  of 
the  evidence  that  exists,  that  man  has  not  reaUy  been  an  inhabitant 
of  the  earth  for  a  much  longer  time  than  historic  records  seem  to 
show. 

Neither  is  there  in  the  deposits  we  have  been  considering  any 
proof  of  the  general  and  rapid  destruction  of  older  rocks  all  over 
the  world ;  aU  seems  gradu^  and  successive  in  the  history,  and  if 
in  a  few  limited  districts  the  accumulations  have  been  diluvial,  or 
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affected  by  the  rapid  influx  of  a  large  volume  of  water  or  a  deluge, 
this  is  not  the  case  generally.  There  are  no  marks  of  violent 
transition  of  any  kind  universally  spread,  and  the  organic  remains 
of  the  recent  period  are  generally  such  as  would  be  accumulated 
under  ordinary  circumstances  at  the  bottom  of  a  moderately  calm 
sea. 

862.  The  general  result  of  the  investigations  of  Tertiary  deposits 
in  Europe  may  be  summed  up  as  follows :  These  accumulations 
generally  have  been  deposited  not  far  from  land,  but  in  isolated 
patches,  having  Httle  resemblance  either  in  mineral  character  or 
fossil  contents  with  those  at  any  considerable  distance.  The  land 
was,  probably,  insular  throughout  the  greater  part  of  the  Northern 
Hemisphere,  and  gradually  more  so  during  the  early  part  of  the 
period :  so  that  while  the  newer  deposits  are  on  the  present  lines 
of  coast  and  the  low  river-valleys — except  indeed  where  great 
local  elevation  has  taken  place  very  recently — ^the  older  beds  are 
more  distinctly  characterized  and  far  more  indicative  of  per- 
manent and  important  change;  and  they  seem  also  to  be  more 
independent  of  each  other.  They  are,  besides,  more  varied  with 
freshwater  marls  and  even  with  tnsivertin  and  other  deposits  from 
fresh  water.  During  this  period  there  must,  therefore,  have  been 
considerable  alterations  of  level ;  for  when  we  look  at  the  presmit 
elevation  of  several  beds,  which  must  certainly  have  been  formed 
in  tolerably  deep  water,  no  doubt  can  remain  as  to  this  point.  In 
addition,  however,  to  the  mechanical  deposits  which  we  have 
hitherto  exclusively  considered  as  of  Tertiary  origin,  we  must  take 
into  account  the  marks  of  igneous  action,  and  the  metamorphoses 
that  have  altered  the  condition  of  various  large  mineral  massed 
during  the  time.  Thus,  in  Central  Europe,  south  of  the  Alps,  we 
find  striking  proofs  of  change  connected  with  recent  volcanoes  5 
and  these  are  not  confined  to  the  neighbourhood  of  Vesuvius  and 
Etna,  but  extend  to  the  northern  pa^  of  Italy,  and  are  no  less 
clear  in  the  Euganean  Hills  than  in  Sicily.  On  the  north-east 
coast  of  Spain,  also,  Catalonia  affords  convincing  proofs  that  Na« 
ture  was  not  idle.  In  Q-reece  similar  effects  have  been  produced, 
and  like  causes  have  been  at  work ;  while  in  Central  Enmce,  and 
on  the  banks  of  the  Rhine,  ancient  volcanic  craters  may  be  traced, 
and  the  erupted  products  form  hills  and  fill  up  valleys,  being 
mingled  with  various  organic  remains  that  mark,  in  many  cases, 
the  recent  date  of  eruption.  But  are  there,  it  may  be  asKed,  no 
other  marks  of  change  ?  The  study  of  the  Alps,  difficult  and 
complicated  as  it  is,  has  certainly  answered  this  question  in  the 
affirmative ;  and  at  whatever  age  those  grand  movements  of  eleva* 
tion  commenced  which  have  uplifted  the  East  and  West  mountain* 
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chains  of  the  Old  World,  it  cannot  be  doubted  that  throughout 
the  whole  of  the  Tertiary  period  this  line  was  becoming  more 
distinct,  the  mountains  loftier,  the  valleys  deeper,  and  the  various 
deposits  more  completely  modified  from  their  original  condition. 
Besides  the  Alps,  numerous  other  mountain-chains  of  lower  eleva- 
tion may  be  traced  in  Europe ;  and  we  may  conclude  this  chapter 
with  advantage  by  first  mentioning  the  principal  periods  of  ele- 
vation during  the  Tertiary  period,  as  given  by  M.  EHe  de  Beau- 
mont, and  then  giving  a  general  statement  of  the  changes  that 
took  place  during  the  Tertiary  epoch. 

863.  There  have  been  five  principal  directions  of  elevation 
during  the  deposit  of  Tertiary  beds,  besides  one  during  which  the 
earlier  beds  were  accumulated.  The  first  period  of  disturbance  is 
supposed  to  have  brought  the  Pyrenees  into  their  present  place, 
or  at  least  to  have  removed  the  chalk  from  its  origmal  horizontal 
position  before  any  of  the  Tertiary  deposits  had  been  made.  It 
is  believed  that  the  same  elevatory  movement  produced  at  the 
same  time  the  nearly  parallel  mountain-chains  of  the  Apennines, 
the  Julian  Alps,  the  Carpathians,  and  many  alps  in  Eastern  Eu- 
rope, besides  numeroiLS  dislocations  in  the  north  of  France  and 
the  Wealden  district  in  England  and  in  Germany ;  thus  being 
one  of  the  most  widely  extended  and  important  of  those  disturb- 
ances that  have  affected  Europe.  Its  direction  is  W.  18°  N.  and 
E.  18°  S. 

The  next  principal  elevation  is  supposed  to  have  taken  place 
between  the  Older  and  Middle  Tertiary  periods,  to  have  produced 
the  chain  of  Corsica,  and  to  have  upheaved  the  Paris  basin,  the 
valleys  of  the  Loire  and  the  Garonne,  the  whole  of  Switzerland, 
and  the  valley  of  the  Bhone,  besides  producing  many  smaller  lines 
of  elevation  in  Italy.  Indications  of  the  same  disturbance  are 
supposed  to  be  traceable  in  the  Jura  Alps  and  in  the  eastern  part 
of  the  Mediterranean.    It  ranges  north  and  south. 

The  third  system  is  that  of  the  Western  Alps,  and  is  supposed 
to  have  originated  between  the  deposit  of  the  Middle  and  Newer 
Tertiaries.  Not  only  are  the  lofty  ranges  of  Mont  Blanc  and 
Monte  Bosa  due  to  this  elevation,  but  it  is  traceable  into  Scandi- 
navia, and  reaches  the  Atlas  Mountains  of  Africa.  Its  estimated 
direction  is  S.  26°  W.  and  N.  26°  E. 

The  fourth  is  the  system  of  the  principal  Alps,  ranging  W. 
16°  S.  and  E.  16°  N.,  including  the  whole  of  the  Bernese  or 
Western  Alps,  from  the  Yalais  to  St.  Gothard,  and  extending 
eastward  into  Austria.  Besides  this,  almost  the  whole  of  Europe 
is  believed  to  have  participated  in  the  same  movement.  The  last 
great  elevation  is  believed  to  have  commenced  after  the  Drift 
period,  and  to  have  produced  certain  dislocations  and  elevations  in 
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Tuscany,  South  Italy,  and  Greece,  and  also  in  Sardinia  and  the 
coast  of  France.  Its  direction  is  N.  20°  W.  and  S.  20"^  E.  It  is 
called  by  M.  Elie  de  Beaumont  the  System  of  Tenare. 

864.  The  following  yiew  of  the  changes  experienced  by  the  oceans  and  seas 
during  the  Tertiary  epoch  is  from  Johoston's  Physical  Atlas.  "  During  this 
epoch,  the  Mediterranean,  or  another  great  and  corresponding  inland  sea, 
covered  the  deserts  of  Sahara,  Lower  Egypt,  and  part  of  Arabia ;  for  not  till 
lon£  after  the  commencement  of  the  period  were  the  present  contours  defined^ 
and  the  lagunes  and  ancient  shores  left  dry.  Later  still,  the  Strait  of  Gibraltar 
probably  did  not  exist,  and  the  waters  of  our  inland  sea  mingled,  through  the 
channeb  of  the  Bed  Sea  and  Persian  Gulf,  with  those  of  the  Indian  Ocean ; 
which  seems  to  explain  the  analogy  of  the  fossils  of  the  middle  and  higher  ter* 
tiary  Mediterranean  beds  with  creatures  still  Uving  in  the  Ked  and  Indmn  Seaa, 
and  with  fossils  of  corresponding  age  in  the  great  basin  of  the  Black  Sea  and 
Caspian.  At  the  same  epoch  too,  the  North  Sea  and  the  Baltic  spread  over  the 
plains  of  Northern  Europe ;  and  another  ocean  stretched  from  the  recesses  of 
Siberia,  and  joined  with  the  Mediterranean,  by  the  Black  Sea.  Asia  Minor 
contained  small  isolated  basins ;  though  the  Black  Sea,  on  the  south  and  east, 
was  confined  by  its  present  baoJcs.  In  the  south  of  Asia,  a  broad  strait  severed 
the  peninsula  of  Indoa,  then  a  triangular  island,  from  the  chains  of  the  Himalaya 
and  their  dependents ;  and  there  existed  also  a  great  freshwater  basin  in  the 
peninsula  beyond  the  Ghtnges,  two  other  basins  at  least  in  China,  one  on  the 
banks  of  the  Lower  Amour,  and  two  in  Siberia.  As  in  the  case  of  Europe,  the 
centre  of  this  continent  was  covered  by  an  inland  sea,  which  has  now  wholly 
disappeared.  Other  aqueous  masses  covered  Persia,  and  probably  formed,  lat^ 
even  than  the  Tertiary  epoch,  one  basin  dependent  on  the  Caspian,  and  another 
annexed  to  the  Indian  Sea.  In  another  district  of  the  continent,  large  portions 
of  the  isles  of  Sunda,  the  Phihppines,  Borneo,  New  Guinea,  and  Australia 
were  at  this  period  under  the  waters ;  and  many  volcanic  peaks  now  existing, 
and  belonging  to  great  areas  of  elevation,  had  not  yet  risen  above  the  surface  of 
the  Indian  or  Malay  Seas.  Turning  to  the  map  of  America,  we  discern  evidence 
of  changes  equally  singular  and  extensive.  The  Gulf  of  Mexico  then  penetrated 
deep  into  Mexico,  Florida,  the  lower  basin  of  the  Mississippi,  and  also  into  the 
basins  of  the  northern  rivers  of  South  America.  It  washed  the  southern  extre- 
mity of  the  AUeghanies,  as  well  as  the  feet  of  the  Ozark  Mountains,  and  the 
Mexican  and  Columbian  platforms.  Farther  north,  a  great  interior  ocean 
overspread  part  of  this  continent,  comprehending  the  higher  Mississippi  and 
the  great  lakes.  The  Ghilf  of  Mexico  already  contained  a  few  islands  composed 
of  old  formations,  probably  of  much  larger  size  than  those  whose  shores  it  now 
washes ;  but  its  volcanic  isles  sprung  into  existence  subsequently,  during  that 
seri^  of  subsidences  and  elevations,  of  Scroulements  of  the  chmns  along  the 
ancient  shore  of  South  America,Vhich  drove  the  sea  from  the  Ozark  Mountains 
and  the  AUeghanies,  and  fixed  its  limits  &Grther  south.  The  northern  part  of 
the  continent  had  three  islands,  the  basin  of  the  St.  Lawrence  separating  the 
district  of  the  AUeghanies  from  dry  land  on  the  banks  of  Hudson's  Bay,  and 
perhaps  bending  round  to  the  Icy  Sea.  The  platform  of  Mexico  and  Guatemala 
formed  an  appendix  of  the  long  isle  of  the  Bocky  Mountains ;  and  the  Ozark 
Chain  advanced  into  the  waters.  The  volcanoes  of  continental  America,  as  we 
see  them  now,  were  contemporaneous  with  the  formation  of  the  Mexican  and 
Mediterranean  basins.  In  South  America  we  discern  abundant  proof  that,  at 
the  Tertiary  epoch,  the  Atlantic  covered  the  great  strait  between  Brazil,  the 
Andes,  and  Central  Guayana,  as  well  as  between  the  Parima  and  the  chain 
beyond  the  Orinoco  j  whence  the  mingling  of  the  tributaries  of  this  river  and 
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the  Amazon,  as  well  as  the  mode  of  the  diyision  of  the  waters  between  certain 
affluents  of  ihe  La  Plata  and  the  Amazon.  South  America  was  then  composed 
of  three  great  islands  j  for  the  isthmus  of  Panama  did  not  exist." 

Seci^itulation, 

866.  In  bringing  to  a  conclusion  this  division  of  our  subject,  let 
us  now  recapitulate  briefly  those  facts  and  groups  of  facts  that 
have  passed  m  review  before  us,  and  endeavour  thus  to  make  out 
the  final  results  of  geological  investigation. 

In  the  first  place,  we  find  that  the  whole  crust  of  the  earth  is 
now,  and  probably  always  has  been,  exposed  to  the  action  of  cer- 
tain forces,  producing  a  change  in  its  physical  condition.  One  of 
these  forces  is  almost  exclusively  superficial,  and  acts  by  wearing 
away  gradually,  but  steadily,  everjr  prominence  above  the  water- 
level,  and  depositing  each  particle  in  regular  order,  and  ultimately 
at  the  sea-bottom.  The  oldest  rocks  as  well  as  the  newest  exhibit 
the  daily  and  hourly  action  of  such  causes,  while  the  newest  as 
well  as  the  oldest  speak  of  occasional  and  far  more  extensive,  but 
paroxysmal  action  of  somewhat  similar  nature.  Almost  aU  the 
members  of  the  extensive  series  of  stratified  rocks  have  thus  been 
formed,  so  that  we  might  have  expected,  if  only  these  causes  had 
been  in  action,  that  there  would  either  be  by  this  time  no  inequali- 
ties left,  or  that  they  were  originally  so  vast  as  to  have  resisted 
hitherto  such  energetic  and  persevermg  attacks. 

866.  Neither  of  these,  however,  is  the  case.  Besides  this  action 
of  water,  there  is  a  counter-action  going  on  beneath  the  surface  con- 
nected with  the  infiuence  of  heat.  Perhaps  there  is  not  one  spot 
on  the  whole  surface  of  the  earth  that  is  not  at  this  moment,  and 
that  has  not  been  since  its  first  existence,  in  a  state  of  movement, 
oscillatiug  up  and  down.  Every  fresh  observation  tends  to  render 
this  more  probable,  and  undulations  of  this  kind,  sometimes 
amounting  only  to  a  few  inches  in  a  year,  infiuence  and  greatly 
modify  the  result  of  aqueous  action.  Besides  slow  movements  of 
this  kind  there  are,  however,  other  and  more  manifest  changes, 
and  in  the  neighbourhood  of  a  volcano  there  are  generally  proofs 
of  greater  intensity  of  subterranean  action. 

867.  Starting  with  these  ideas  of  the  moving  forces  employed, 
and  commencing  with  the  older  rocks,  we  find  them  to  consist  of 
thick  deposits  of  mud  and  sand,  with  limestone,  indicating  the 
existence  of  a  broad  expanse  of  open  sea,  subject  perhaps  to  great 
temporary  changes  of  level,  and  therefore  to  considerable  move- 
ment, and  containing  a  multitude  of  marine  animals,  almost  exclu- 
sively shell-fish  of  various  kinds,  uniform,  or  very  nearly  so,  over 
considerable  tracts,  and  not  generally  exhibiting  marks  of  the 
vicinity  of  land.     To  this  condition  of  the  sea  there  succeeded 
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another,  in  which  were  fishes  of  extraordinary  form,  and  totally 
different  from  existing  species,  and  these  were  the  inhabitants 
not  so  much  perhaps  of  the  deep  sea,  as  of  shallow  water  near  a 
coast-line  then  being  lifted  up  above  the  waters. 

The  eleyation  in  progress  during  the  middle  part  of  the  older 
period  seems  to  have  been  succeeded  first  by  a  period  of  depres- 
sion, during  which  coral  reefs  were  built,  and  then  by  another  ele- 
vation, until  a  number  of  islands  were  formed,  and  became  clothed 
with  a  rich  and  luxuriant  vegetation  of  ferns,  palms,  and  other 
trees  of  singular  forms,  long  since  extinct.  Perhaps  it  may  explain 
the  condition  of  this  older  period  if  we  consider  that  the  whole  of 
the  latter  part  of  it  was  one  of  disturbance  and  rapid  undulation 
of  surface,  admitting  of  the  deposition  of  those  numerous  beds  of 
vegetable  matter,  which  have  been  since  converted  into  coal. 

The  termination  of  the  period  during  which  fishes  had  become 
of  larger  size  and  more  abundant  than  before,  was  marked  by 
many  disturbances,  producing  fracture  of  the  beds,  but  the  dis- 
turbances produced  their  chief  effect  after  the  consolidation  of  the 
strata  and  the  formation  of  true  coal. 

868.  "We  come  next  to  the  Secondary  or  Middle  period.  A  very 
long  interval  indeed  must  have  elapsed  between  the  deposit  of 
coal  and  the  overlying  sandstones,  and  the  Upper  new  red  sand- 
stones, which  we  find  horizontally  bedded,  and  reposing  uncon- 
formably  on  the  upturned  edges  of  the  older  rocks.  During  this 
period  there  occurred  a  total  change  of  the  inhabitants  of  the  sea. 

In  the  newer  beds  we  find  abundant  fossil  remains  referable  to 
various  animals,  including  many  singular  and  gigantic  reptiles, 
some  of  them  constantly  inhabiting  the  sea,  and  most  of  them 
highly  carnivorous,  but  some  organized  not  merely  to  live  on  shore, 
but  on  vegetable  food,  and  expressly  adapted  for  conditions 
resembling  those  under  which  the  hippopotamus,  rhinoceros,  and 
elephant  exist.  Besides  these  marine  and  terrestrial  reptiles  we 
have,  however,  a  third  group,  representing  the  birds,  proving 
how  perfectly  animals  having  all  the  typical  peculiarities  of  the 
most  highly  organized  class,  though  the  lowest  of  that  class, 
could  be  adapted  to  exist  not  only  on  land  and  in  the  sea,  but 
also  in  the  air.  "With  these  animals  we  find — although  they  are 
sparingly  distributed — indications  of  the  existence  of  quadrupeds 
and  birds,  and  from  time  to  time  such  other  evidence  of  land,  that 
we  may  be  certain  of  there  having  been  a  considerable  elevation  of 
the  sea-bottom  since  the  deposit  of  the  sandy  beds  which  repose 
directly  on  the  coal.  StiU.  there  are  no  marks  of  an  extensive 
tract  of  land  resembling  that  which  now  exists  in  the  northern 
hemisphere.  The  land  during  this  period  was  probably  distributed 
in  a  totally  different  manner,  being  adapted  for  races  of  animals 
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diBtinct  in  general  form  and  in  many  details  of  structure,  from 
those  which  nave  since  replaced,  or  which  now  represent  them. 

869.  The  land  must  have  increased  on  the  whole  rather  than  di- 
minished in  these  latitudes,  during  the  deposit  of  the  Oolitic  rocks, 
and  towards  the  close  were  formed  those  deposits  of  freshwater  or 
estuary  origin,  which  we  find  in  the  south-east  of  England,  and 
which  geologists  denominate  Wealden.  This  period  was  followed  by 
a  depression,  at  first,  perhaps,  alternating  with  elevations,  but  soon 
increasing  and  beconung  considerable,  mule  a  multitude  of  marine 
animals  secreted  enormous  quantities  of  calcareous  matter,  and 
deposited  it  at  the  sea-bottom,  in  the  beds  which  have  since 
become  chalk.  The  animals  whose  remains  occur  in  chalk  are 
chiefly  those  which  require  deep  water,  and  the  large  area  over 
which  they  are  spread  renders  it  probable  that  the  circumstances 
throughout  were  similar. 

At  length,  but  not  till  after  another  long  interval,  the  vast  ocean- 
floorwas  broken  up,  and  outbursts  of  lava  hardened  and  partly  covered 
the  chalk  of  the  north  of  Ireland,  and  extended  to  the  islands  of 
Scotland.  Similar  eruptions  produced  analogous  efiects  elsewhere, 
while  a  line  of  subterranean  action  lifbed  up  the  beds  in  the  south 
of  England,  gave  the  prevailing  direction  to  the  Pyrenees,  the  Alps, 
and  the  Carpathians,  and  produced  an  extensive  tract  of  land  on 
the  southern  side,  and  a  few  islands  on  the  north  of  this  ridge. 

870.  About  the  same  time,  or  not  long  afberwards,  the  elevation 
of  the  Himalayas  commenced,  producing  a  somewhat  similar 
tract ;  but  between  the  two,  in  Egypt  and  in  Western  India,  there 
seems  to  have  been  a  deep  sea.  From  this  time  elevation  and 
depression  must  have  both  gone  on  over  parts  of  Europe  and  Asia 
on  an  extensive  scale,  the  land  that  extended  westwards  and 
southwards  sinking  down  rapidly,  while  Northern  Europe  became 
nearly  covered  with  an  extensive  open  but  shallow  sea,  in  which 
were  deposited  the  sandy  and  muddy  beds  of  the  great  river- 
valleys.  Afterwards,  elevation  again  took  place,  and  the  existing 
physical  features  of  Europe  were  produced ;  and  while  the  greater 
part  not  only  of  Europe  but  of  If  orthem  Asia  was  the  resort  of 
unmense  herds  of  elephants  and  large  cervine  animals,  the 
swamps  and  marshes  were  the  abode  of  rninoceroses  and  hippopo- 
tamuses, numerous  lions  and  tigers  roaming  about  the  forests  and 
plains,  associated  with  hysenas  and  bears.  After  this,  there  was  a 
continuation  of  the  elevating  process  towards  the  North  Pole,  and 
a  great  extension  of  land  in  that  direction,  so  that  an  almost  icy 
sea  extended  down  nearly  to  the  central  countries  of  Europe,  and 
enormous  icebergs  floated  over  a  great  part  of  the  existing  land, 
there  depositing  as  gravel  fragments  of  rock  which  had  been  re- 
moved from  distant  spots,  and  which  was  often  collected  from  more 
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than  one  locality.  Another  eleyation  and  a  corresponding  de- 
pression again  changed  the  inhabitants  and  the  whole  coast-line ; 
and  the  present  distribution  of  land  was  the  result.  Lastly,  we 
haye,  now  going  on,  an  elevation  in  Norfchem  Europe  and  a  de- 
pression in  our  own  latitudes,  the  result  of  which  will  be  to  lower 
the  mean  annual  temperature,  although  it  may  possibly  be  that 
the  climate  will  become  more  equalized  in  consequence  of  sHght 
depressions  of  the  general  level. 

871.  Such  are  some  of  the  results  of  geological  investigation  with 
regard  to  the  changes  that  have  taken  place  on  the  earth's  crust 
and  the  successive  races  that  have  been  its  tenants.  Exhibiting 
results  so  important,  Descriptive  Geology  cannot  now  be  looked 
upon  as  a  subject  only  fit  to  be  argued  and  discussed.  It  must  be 
carefully  studied,  for  it  is  a  distinct  and  important  pursuit,  and 
its  problems  involve  the  highest  and  most  philosophical  depart- 
ments of  general  Natural  History,  and  the  application  of  mathe- 
matical science.  Its  conclusions  are  sound  and  permanent,  and 
its  object  simple  and  definite.  The  Geologist  takes  up  every  branch 
of  descriptive  Natural  History,  and  suggests  the  laws  by  which 
the  most  obscure  of  Nature's  operations  have  been  conducted. 
He  makes  observations  by  which  the  truth  of  such  laws  must  be 
tested,  and  he  accounts  satisfEu^orily  for  a  multitude  of  natural 
phsBnomena  not  otherwise  to  be  explained,  giving,  in  fact,  a  true 
and  connected  history,  not  only  of  the  earth  itsen,  but  of  events 
that  have  taken  place  upon  and  beneath  its  surface,  and  that  have 
infiuenced  its  progress  towards  the  condition  in  which  we  now  see 
and  study  its  surfice. 

And  it  cannot  be  that  such  a  history  should  be  known  and 
not  produce  important  results  with  regard  to  those  operations 
that  are  carried  on  by  man  either  upon  the  earth  or  in  the 
deep  recesses  to  which  ne  is  able  to  penetrate.  As  all  such  opera- 
tions necessarily  and  immediately  depend  on  the  structure  and 
contents  of  the  solid  crust  exposed  for  our  investigation,  a 
knowledge  of  the  laws  according  to  which  the  various  parts  of 
that  crust  have  been  originally  formed  and  since  moinfied  is 
in  the  highest  degree  important.  G^logy  is  no  less  needed 
by  the  engineer  and  the  miner  than  astronomy  is  by  the  mariner. 
All  calculations  must  be  made,  aU  new  works  undertaken,  and  aU 
old  ones  continued,  in  accordance  with  what  is  believed  to  be  the 
structure  of  rocks,  and  a  knowledge  of  structure  is  obtained  only 
by  geological  investigation. 


PART  IV. 

PRACTICAL'GEOLOGY. 


CHAPTEE  XVn. 


ON  THE  APPLICATION  OP  GEOLOaY  TO  AaRIOULTURE, 
ENGhlNEERINa,  AND  ARCHITECTURE. 

872.  If  the  reader  has  made  himself  acquainted  with  the  facts 
of  G-eology,  or  in  other  words,  if  he  understands  the  nature  of  the 
materials  of  which  the  earth's  crust  is  made  up,  the  order  of 
arrangement  of  those  materials,  and  the  changes  undergone  both 
in  the  rocks  themselyes  and  in  the  position  they  occupy,  he  wiU 
not  be  inclined  to  question  either  the  value  of  such  knowledge 
to  practical  men,  or  the  nature  of  the  applications  of  Geology  to 
practical  purposes.  Such  knowledge  must  always  be  available 
when  anything  is  undertaken  concerning  the  earth,  either  as  the 
basis  of  operafions,  or  the  source  whence  all  valuable  materials  are 
obtained.  It  may  be  well,  however,  to  illustrate  this  point  by  a 
few  simple  examples. 

873.  Itegarding  the  earth  first  as  the  basis  of  operations,  it  is 
weU  known  to  every  engineer  that  the  whole  management  of 
earthworks,  whether  for  roads  or  intrenchments,  whether  in  cut- 
tings, tunnelling,  or  embankments,  must  be  greatly  influenced  by 
the  nature  of  the  soil  and  subsoil,  and  also  of  the  underlying  rocks ; 
the  latter  directly  modifying  the  former,  and  being  the  ori^nal  and 
fiindamental  cause  of  all  peculiarities  of  condition.  The  perma- 
nence of  any  structure  must,  in  like  manner,  depend  on  the  rock 
in  or  on  which  the  foundation  is  placed,  and  thus  requires  a  consi- 
deration of  geological  position;  wmle  questions  concerning  drainage 
and  the  sources  of  water-supply,  both  for  the  use  of  towns  and  in 
agricultural  dist|icts,  depend  on  the  geological  constitution  of  each 
locality,  since  without  reference  to  so  essential  a  point,  the  prin- 
ciples of  mechanics  in  reference  to  these  matters  cannot  properly 
be  applied.    It  is  only  within  a  few  years  that  such  application  ha!s 
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been  made,  but  the  niuneroiis  reports  conceming  the  drainage  of 
towns,  that  have  lately  appeared,  ^ow  at  once  the  admitted  neces- 
sity of  something  of  the  kind ;  and  in  too  many  cases  they  have 
afforded  examples  of  the  want  of  an  acquaintance  with  the  first 
principles  of  (Jeology  on  the  part  of  the  engineer. 

874.  As  to  material  again,  it  is  clear  that  all  substances  derived 
from  the  earth  should  be  studied,  at  least  in  some  measure,  in  the 
place  where  they  occur  in  a  ^tural  state ;  and  no  one  is  really 
capable  of  judging  conceming  the  value  of  material  without  know- 
ing something  of  its  history.  This  applies  to  agriculturists,  who 
should  know  whence  soils  are  derived,  and  where  to  look  for 
desirable  rocks  for  mingUng  with  others  at  the  surface : — ^to  land- 
valuers,  who  ought  to  be  well  acquainted  with  the  causes  of  im- 
provement or  deterioration  that  may  be  at  hand  to  affect  the  value 
of  the  property  they  estimate : — to  builders,  who  require  to  select 
the  material  afterwards  to  be  used  for  buildings : — ^to  architects 
and  engineers,  who  arrange  plans  dependent  for  success  on  the 
nature  of  the  ground  and  that  which  is  beneath  it,  and  its  refer- 
ence to  the  structure  to  be  erected  upon  it:  and  above  all  to 
miners,  whose  business  is  chiefly  confined  to  rocks  generally  con- 
cealed, and  who  most  of  all  require  a  knowledge  of  laws  and  con- 
ditions, of  facts  and  inferences,  conceming  the  materials  of  which 
the  eaith  is  constructed,  and  the  circumstances  under  which  these 
materials  are  generally  present. 

875.  The  facts  of  Q-eology  which  are  most  important  to  be 
known  are  chiefly  those  which  relate  to  structure,  involving  the 
mechanical  condition,  tjie  chemical  composition,  and  the  mechani- 
cal position  of  rocks.  These  are  all  points  which  must  be  learnt, 
not  only  by  reading  and  description.  But  to  some  extent  by  actual 
personal  knowledge ;  and  no  acquaintance  with  Geology  is  useful 
which  is  not  based  on  actual  observation  and  investigation.  A 
single  reisd  attempt,  however  apparently  unsuccessful,  to  map  a 
country  geologically,  and  draw  a  section  that  shall  explain  the 
map,  will  be  a  better  lesson  for  the  student  than  any  amoimt  of 
knowledge  of  what  other  people  have  effected.  Without  books, 
however,  to  enable  the  student  to  set  out  in  the  right  direction, 
but  little  progress  is  made,  and  mistakes  are  inevitable. 

876.  Although  the  facts  of  G-eology  have  been  mentioned  at 
some  length  in  preceding  chapters,  it  mav  be  well  to  recapitulate 
a  few  of  them  here  very  briefly.  The  nrst  series,  those  of  me- 
chanical condition,  are  taught  by  the  natural-history  definitions 
of  rocks,  and  may  be  described  as  including  their  hardness  or 
sojPbness ;  brittleness  or  toughness ;  permeability  or  impermeability 
to  water ;  their  composition  as  simple  rocks^  such  as  limestone ; 
or  compound  rocks,  as  marl  and  conglomerate;  their  texture, 
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whether  fine  or  coarse,  compact  or  loose,  crystalline  or  massive ; 
and  their  specific  gravity : — ^these  all  being  points  which  may  be 
considered  as  mechanical,  with  reference  to  masses  of  rock. 

877.  The  fects  of  chemical  composition  are  also  important  and 
varied.  They  include  a  knowledge  not  only  of  the  prevailing 
simple  mineral,  but  the  associated  minerals ;  the  way  in.  which  the 
minerals  are  combined  and  modified;  the  probabihty  of  disinte- 
gration  and  decomposition  under  ezposure  of  certain  kinds ;  and 
the  degree  of  metamorphic  action  that  rocks  have  undergone  or 
are  undergoing. 

878.  The  facts  of  mechanical  position  involve  the  actual  position 
of  stratified  masses  with  respect  to  the  horizon,  with  respect  to 
other  strata,  and  with  respect  to  crystaUiae  and  unstratified  masses. 
These  are  known  when  the  dip  and  strike,  the  nature  and  position 
of  the  anticlinal  and  synclinal  axes,  the  systems  of  faults,  and  the 
various  discordances  of  stratification  in  a  district,  are  fiilly  made 
out.  AH  these  facts  are  learnt  by  observation ;  they  are  quite 
independent  of  any  controverted  pomts  ;  they  offer,  perhaps,  Httle 
of  the  romance  of  Q-eology  to  the  general  reader,  but  they  come 
home  to  every-day  life,  and  no  man  can  be  an  engiaeer  or  a  miner, 
none  can  safely  pursue  agriculture,  or  rightly  cwry  out  sanitary 
principles  in  the  construction  of  a  house,  a  public  building,  or  a 
town,  without  knowing  them  and  acting  upon  them. 

1.  AgricuUti/ral  Geology, 

879.  The  formation  of  soils  is  a  subject  of  great  interest  in 
connexion  with  geological  structure,  and  can  onlv  be  properly 
understood  by  reference  to  the  action  of  the  atmosphere  and  water 
in  producing  the  disintegration  and  decomposition  of  various  rocks, 
together  with  a  due  consideration  of  the  way  in  which  a  vegetable 
eoil  is  derived  from  a  subsoil  containing  no  vegetable  ingredients, 
and  this  latter  from  a  rock.  In  many  cases  the  sources  whence 
the  peculiar  properties  of  a  soil  are  derived,  and  whether  these 
9xe  favourable  or  unfavourable  to  vegetation,  are  points  by  no  means 
manifest,  and  instances  not  unfrequently  occur  where  knowledge  of 
this  kind  would  be  exceedingly  and  immediately  useful. 

880.  A  geological  map  represents,  by  a  system  of  colours,  a  num- 
ber of  geological  facts  concerning  the  rocks  of  a  certain  district  or 
country,  and  it  is  very  important  to  remember,  that  it  neither 
does  nor  professes  more  than  this.  It  does  not,  for  example,  give 
any  account  of  the  mechanical  condition  or  the  chemical  compo- 
silion  of  rocks,  and  no  complete  account,  in  most  cases,  even  of 
the  details  of  mechanical  position ;  still  less  does  it  indicate  the 
nature  of  the  subsoil  or  decomposed  rock  overlying  the  principal 
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mass ;  and  least  of  all  does  it  give  any  idea  of  the  nature  of  the 
soil.  Combined  with  sections,  it  teaches  something  more  con- 
cerning the  thickness  of  the  rocks  and  their  mechanical  posi- 
tion, and  perhaps  something  of  the  thickness  of  the  orerlying  soil 
and  subsoil,  and  in  the  accompanying  description,  if  there  is 
one,  the  actual  nature  of  the  rocks  is  mentioned.  It  may  seem 
from  this  accoxmt  that  to  the  agriculturist  such  a  map  would  be 
either  useless  or  mischieyous,  either  teaching  him  nothing  or 
telling  a  falsehood,  for  he  has  only  or  chiefly  to  do  with  the  sur- 
face, and  cannot  understand  that  he  may  have  a  tough  clay  soil 
where  the  map  marks  "  Oolite ;"  a  loose  sand  where  he  is  led  to 
expect  "  London  clay  ;'*  a  rich  grey  marl  in  the  "  Old  red  sand- 
stone," or  other  similar  anomalies.  Still  he  must  not  suppose 
that  the  map  is  without  its  use.  The  names,  perhaps,  are  unfor- 
tunate, as  being  only  locally  descriptiye,  but  the  stoiy  told  is  true, 
and  exceedingly  useful  when  understood,  for  it  really  enables  the 
practical  man  to  discoyer  readily  what  he  ou^ht  to  know,  and  is 
Iiighly  suggestiye  with  regard  to  the  most  important  facts  that 
bear  upon  surface  operations. 

881.  In  a  former  chapter  an  account  has  been  giyen  of  the  com- 
ponent parts  and  structure  of  rocks,  and  it  is  quite  certain  that 
in  most  cases  the  subsoil  is  immediately,  and  the  soil  interme- 
diately, deriyed  from  the  decomposition  of  the  subjacent  rock,  so 
that  the  fertility  of  land  depends  on  geological  structure.  It 
would  also  be  easy  to  show  that,  by  taMng  adyantage  of  the  pre- 
sence of  certain  mineral  substances  beneath  the  sur£u^,  a  soB 
naturally  barren  may  often  be  rendered  fertile.  The  whole  sub- 
ject of  mineral  manures  consists  iu  the  proper  employment  of 
such  substances  as  may  counteract  the  injurious  qualities  of  a 
barren  or  poor  soil,  and  either  supply  the  want  of  some  indispen- 
sable element  of  the  plant  to  be  ciutiyated,  or  prepare  the  soil  to 
receiye  those  atmospheric  influences  which  are  essential  to  the 
deyelopment  of  yegetable  life. 

882.  There  are  two  modes  in  which  deriyation  from  another 
rock  may  be  traced ;  for  sometimes  a  soil  consists  of  nothing  more 
than  the  minutely  diyided  particles  of  one  simple  rock,  as  sand, 
while  in  other  examples  the  soil  exhibits  an  admixture  of  carbon, 
and  of  yarious  mineral  substances  not  easily  traceable.  It  not 
unfrequently  happens  that  rain,  penetrating  the  minute  surface- 
creyices  of  an  exposed  rock,  aided  by  frost,  crumbles  down  the 
hardest  materials,  and,  if  these  crumbled  portions  are  washed 
away,  they  are  rapidly  succeeded  by  others,  so  that  a  soil  is 
formed,  which  at  lengtn,  under  fayourable  circumstances,  becomes 
covered  by  yarious  small  plants,  from  whose  decay  is  obtained  that 
supply  of  carbon  and  other  materials  which  in  process  of  time 
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renders  the  soil  fit  for  the  growth  of  other  vegetables  which  are 
useful  to  man*. 

The  dependence  of  a  soil  on  the  underlying  rock  extends  even 
to  its  colour,  which  is  white  in  chalky  soils,  red  on  the  New  red 
sandstone  and  the  ochraceous  beds  of  the  Greensand,  and  yeUow 
on  the  clays  and  clay-slate,  &c. :  but  it  wOl  not  be  expected  that 
these  conditions  should  hold  when  there  is  a  thick  bed  of  super* 
ficial  detritus,  such  as  gravel ;  for  the  gravel  must  then  be  looked 
upon  as  the  parent  rock,  and  the  condition  of  the  soil  will  be  in- 
fluenced by  the  actual  underlying  bed. 

883.  There  are  one  or  two  general  principles  with  regard  to  this  part  of  the 
subject,  which  it  may  be  worth  while  here  to  enunciate,  but  which  it  will  not  be 
necessary  to  enlarge  upon  or  illustrate. 

The  «9e  of  the  soil  in  enabling  plants  to  grow  is  twofold :  first  mechanical, 
the  soil  affording  the  plant  a  firm  foundation,  and  enabling  its  roots  to  spread 
out  in  search  of  such  organic  and  inorganic  substances  as  are  necessary  for  its 
nutriment;  and  secondly  chemical,  inasmuch  as  all  plants,  without  exception, 
require  a  certain  amount  of  inorganic  as  well  as  organic  food,  which  is  taken  up 
from  the  soil,  and  assimilated  during  growth.  GDhese  substances  are  required  to 
be  present  in  the  soU.  in  such  a  state  that  the  roots  of  the  plants  are  able  to 
absorb  them. 

The  depth  of  a  soil  is  chiefly  dependent  on  the  nature  of  the  subjacent  rock, 
and  on  its  ready  deoomposabuity  by  atmospheric  agents. 

The  texture  of  a  sou  depends  on  the  parent  rock,  being  either  loose  and 
gritty,  or  tough  and  clayey,  and  varies  according  to  the  tendency  of  the  rock  to' 
decompose  and  the  manner  in  which  it  is  affected  by  decomposition. 

ThB  fertility  of  a  soil  depends  partly  on  its  depth  and  texture,  and  partly  on 
its  possessing  those  minenu.  constituents  which  enter  into  the  structure  of  the 
plants  to  be  grown  upon  it. 

A  soil  may  be  unproductive  either  because  it  possesses  too  great  cohesion, 
that  is,  is  too  stiff  and  tenacious,  or  because  it  has  too  little  cohesion,  that  is, 
is  too  coarse,  loose  and  open,  or  because  it  contains  either  an  excess  or  defi- 
ciency of  soluble  nutriment,  or  any  noxious  and  poisonous  substances,  as  salts 
of  lead,  copper,  &c. 

884.  The  actual  proportion  of  these  different  ingredients  varies  exceedingly, 
as  will  be  seen  by  reference  to  the  analyses  of  some  that  are  remarkable.  As 
examples  that  are  exceedingly  remarkable,  we  may  take  (1)  the  mud  of  the  Nile, 
celebrated  in  history  as  the  most  fertilizing  of  all  materials,  and  spread  over  the 
land  in  each  succeeding  year ;  (2)  the  Tchomozem,  or  black  earth  of  the  Aralo- 
Oaspian  Plains ;  (3)  the  Regur,  or  cotton  soil  of  India ;  and  (4)  the  rich  and 
valuable  soils  of  various  grazing  counties  of  England,  as  Devonshire  and  Cheshire, 
derived  from  the  red  marl.  Of  these,  the  Nile  mud  contains  much  the  largest 
proportion  of  organic  matter,  amounting  (with  water)  to  18*60  per  cent.  The 
other  ingredients  are, — silica42'50,  alumina  24*25,  magnesial*05,  carb.  lime  8*85, 
carb.  ma^esia  1*20,  ox.  iron  18*65.  The  analyses  of  Tchomozem  and  Begur 
wiU  be  found  in  p.  426.  The  Bed  marl  dves — silica  70*20,  alumina  19*20, 
ox.  iron  6*00,  carb.  Ume  0*40,  chloride  of  domum  0*10,  water  and  organic  mat- 
tor  4*10. 

*  The  amount  of  organic  matter  required  to  give  fertility  to  a  soil  in  or^nary  cases  varies 
from  three  to  ten  per  cent.,  but  lichens  and  some  other  plants  attach  themselves  to  barren 
rocks  of  extreme  hardness,  and  certain  species  not  requiring  more  from  the  soil  than  mechanical 
support,  can  live  where  no  organic  matter  is  present. 
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The  mgredients  of  a  soil  often  differ  considerably  from  those  of  the  rock  from 

which  it  has  been  obtained,  owing  to  the  different  rate  according  to  which  the 

yarions  materials  are  dissolved  or  removed  by  water.   This  is  well  shown  by  the 

following  tabular  view  of  the  difference  between  fi*esh  basalt  and  the  same  rock 

when  weathered. 

DiaiolTed  or  removed    Per-centage 
Fresh  baialt.       Weathered  baaalt.  by  water.  ofkMs. 

SiUca  283  228  56  20 

Alumina 100  100                            0  0 

Peroxide  of  iron  80  78                            2  2^ 

Lime  63  43  20  32 

Magnesia   39  29  10  2^ 

Soda  22  7i  14i  6i 

Potash    7  2i                         4|  6^ 

885.  Liebig  states  it  as  distinctly  proved,  in  analyses  made  by 
De  Saussure  and  Berthier,  that  the  nature  of  a  soil  exercises  a 
decided  influence  on  the  quantity  of  the  different  metallic  oxides 
contain^bd  in  the  plants  which  grow  upon  it*,  but  it  does  not  fol- 
low thence  that  the  actual  quantity  of  alkaline  bases  varies ;  and 
it  appears,  on  the  .contrary,  from  other  investigations,  that  the 
total  amount  of  oxygen  united  to  these  bases  is  always  the  same 
in  the  same  plant,  and  therefore  that  the  proper  quantity  of  some 
of  them  as  bases  is  essentially  necessary ;  the  growth  of  the  plant 
being  arrested  when  these  substances  are  wanting,  and  much  im- 
peded when  they  are  deficient. 

The  alkalies  are  often  supplied  to  the  soil  by  rain-water,  where 
they  are  certainly  present,  although  it  is  not  ^own  in  what  form 
they  exist.  Besides  these  mineral  substances,  and  some  others, 
the  presence  of  carbon  is  absolutely  necessaiy,  as  before-men- 
tioned ;  and  the  action  of  the  weather,  the  absorption  of  rain- 
water, and,  above  aU,  the  chemical  changes  constantly  going  on  in 
the  process  of  gradual  oxidation  (the  oxygen  being  obtained  from 
the  atmosphere),  effect  the  necessary  alterations  in  the  constituents 
of  the  soil,  rendering  it  fit  to  support  vegetable  life. 

Some  plants,  as  the  grasses,  require  a  considerable  quantity  of  silez  for  their 
proper  growth  and  nourishment;  and  this,  which  is  chiefly  present  in  the  stalk, 
is  supplied  in  the  form  of  silicate  of  potash.  But  the  grasses  also  require  phos- 
phate of  magnesia,  which  is  an  invariable  constituent  of  their  seeds ;  and  thus 
the  presence  of  phosphorus,  potash,  silica,  and  magnesia  in  the  soil  is  absolutely 
necessary  for  the  proper  growth  and  ripening  of  a  crop  of  wheat.  Other  plants 
possess  other  salts  and  alkaline  bases,  in  different  proportions,  and  all  these 
substances  require  to  be  presented  to  the  roots  of  the  vegetable  in  the  most  con- 
venient form  for  absorption. 

886.  It  win  now  be  seen  in  what  way  the  soil  acts,  and  how  far 
vegetation  depends  on  the  actual  materials  of  which  the  soil  is 
composed.  If  any  of  the  constituent  parts  are  wanting,  they  may 
usually  be  supplied  at  no  very  great  distance,  and  it  is  chiefly  such 

*"  Organic  Chemistry,"  p.  95. 
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soils  as  do  not  suffer  decomposition  that  are  necessarily  and  hope- 
lessly barren. 

Perhaps  one  of  the  most  common  examples  of  an  ordinary  barren 
soil  is  that  in  which  the  soil  is  composed  of  silex,  either  pure  and 
in  the  form  of  compact  rock,  or  made  up  of  loose  grains  of  sand, 
mingled  only  with  a  certain  proportion  of  alimiina  and  oxide  of 
iron  not  sufi&cient  to  admit  of  the  ready  growth  of  plants.  Such 
soils  as  this  are  to  be  found  on  some  parts  of  the  coast  of  Flan- 
ders ;  they  occupy  also  the  tops  of  some  hills  and  mountains  of 
Igneous  origin,  and  they  certainly  offer  no  prospect  of  return  for 
labour  bestowed  upon  them  in  such  situations.  But  in  the  iuterior 
of  a  country  where  heath  and  furze  once  plant  themselves  and 
flourish,  although  there  maybe  at  first  little  prospect  of  success  to  * 
the  agriculturist,  the  case  is  by  no  means  hopeless;  and  the 
vicioi^  of  clay  might  often  be  taken  advantage  of  to  bring  these 
districts  into  profitable  cultivation.  The  alumioa  and  lime  in  such 
case  may  be  supplied  artificially,  and  the  other  constituents  may 
often  be  obtained  from  the  decayed  and  decomposed  plants  which 
have  grown  upon  the  spot.  It  is  unnecessary  to  say  that  sandy 
beds  allow  the  moisture  to  traverse  them  very  readily,  and  are 
soon  heated,  so  that  the  crops  grown  upon  them  suffer  greatly 
from  drought.     This  must  be  to  a  certain  extent  unavoidable. 

887.  Stiff  clay,  unmixed  with  a  sufficient  quantity  of  silica  in 
the  fbrm  of  loose  sand,  is  sometimes  extremely  difficult  and 
troublesome  to  bring  into  cultivation.  The  chief  want  here  to  be 
supplied  is  that  of  Ume ;  for  there  is  always  abundance  of  silex, 
altnough  not  in  the  best  or  most  available  form.  The  stiffest 
clayey  beds,  when  dressed  with  Ume,  are  readily  made  to  bear 
valuable  crops ;  but,  as  the  clay  is  exceedingly  retentive  of  water, 
and  yields  it  back  to  the  atmosphere  with  great  difficulty  and  very 
slowly,  it  is  often  necessary  that  artificial  drainage  should  accom- 
pany whatever  other  method  may  be  adopted  for  the  bringing  such 
soils  into  cultivation.  The  agency  of  frost  in  breaking  up  stiff 
clays  is  often  of  great  importance. 

Limestone,  when  pure,  or  nearly  pure,  as  in  the  state  of  chalk 
or  crystalline  limestone,  is  often  a  barren  rock ;  and  this  is  espe- 
cially the  case  when  it  is  exposed  on  a  hill-top,  where  the  rain  is 
unable  to  transport  argillaceous  portions  from  adjacent  clayey 
beds.  An  admixture  of  clay,  however,  converts  decomposed  Ume* 
stone  or  chalk  into  marl,  and  in  this  state  it  becomes  an  admirable 
soil.  Magnesia  is  also  a  very  common,  and  almost  necessary,  con- 
stituent of  soils  to  a  certain  small  extent. 

888. '  It  is  now  some  time  since  the  Tarions  soluble  phosphates  were  found  to 
produce  a  great  effect,  especially  on  root  crops,  such  as  turnips ;  and  the  disco- 
very of  mineral  phosphates,  which,  by  chemical  treatment,  were  made  valuable 
for  manure,  was  an  era  in  the  application  of  science.    To  the  scientific  know- 

V  5 
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ledge  and  experienoe  brought  to  bear  through  the  agency  of  Mr.  Lawes,  of 
Bothamstead,  near  St.  Albans,  beds  of  pebbles,  formine  a  large  part  of  the  gravel 
cliffs  of  Suffolk  and  Essex,  and  others  from  beneath  the  chaSk  near  Famham  in 
Surrey,  bare  been  found  worth  working  and  remoying  to  the  neighbourhood  of 
London,  where  they  are  treated  with  sulphuric  add,  ground  up,  and  mingled 
with  other  subetanoes,  to  form  a  valuable  mineral  ingredient  K>r  certain  soils. 
These  pebbles  consist  chiefly  of  phosphate  of  lime ;  and  other  deposits  and  veins 
of  the  same  substance  are  found  in  England  and  elsewhere.  Some  of  them  have 
been  already  described.  Their  value  is  considerable,  and  they  are  well  worth 
careful  search.  GDhese  are  mentioned  as  affording  good  examples  of  the  appli- 
cation of  mineral  manures  to  agriculture,  even  when  the  minerals  found  require 
preparation  of  a  somewhat  elaborate  kind. 

889.  It  is  well  known  that  the  lime  and  magnesia,  as  well  as 
the  potash  and  soda  foimd  in  soils,  are  all  of  great  importance,  and 
form  bases  which,  when  mixed  with  oxygen,  are  in  a  condition  to 
be  absorbed  by  plants  to  whose  growth  they  are  essential.  N(me 
of  these  earths,  however,  alone,  nor  indeed  any  two  of  them,  even 
when  associated  with  carbon,  are  sufficient  to  form  a  productive 
soil ;  and,  besides  being  mingled  in  the  proper  proportions,  it  is 
necessary  abo  that  the  mixture  should  possess  a  certaui  texture, 
adjusted  to  the  quantity  of  rain  that  is  hkely  to  fall ;  for  without 
this  the  air  is  not  properly  supplied  to  the  root  of  the  plant,  and 
the  process  of  oxidation,  effected  during  the  slow  decomposition  of 
this  air,  and  upon  which  the  growth  of  the  plant  seems  to  depend, 
does  not  commence,  so  that  me  plant  is  either  parched  for  want  of 
moisture,  or  stifled  for  want  of  air.  As  a  general  rule,  it  is  found 
that  more  rain  falls  on  mountainous  districts  than  on  plains. 

Among  the  mineral  manures  lime  is  of  great  value  in  many 
districts.  It  is  obtained  by  burning  the  common  limestones,  and 
is  available  for  land  in  proportion  as  it  is  free  from  earthy  im- 
purities. The  magnesian  limestones,  when  burnt,  are  even  more 
valuable  than  those  containing  no  magnesia,  if  equally  pure.  This 
has  been  abundantly  proved  by  long  experience  in  Germany,  though 
contrary  to  the  opimon  of  farmers  in  Ebgland,  who  have  not  tried 
the  experiment. 

Besides  the  magnesian  limestones  of  the  newest  Paksozoic  or 
Permian  series,  the  comstones  of  the  Old  red  sandstone  in  some 
parts  of  Scotland  are  dolomitic,  and  the  author  has  observed  an 
important  outcrop  of  magnesian  Hmestone  of  this  age  north  of  the 
Campsie  Hills,  between  Stirling  and  Dumbarton.  The  carboni- 
ferous  limestone  is  also  not  unfrequently  magnesian. 

890.  Where  an  estate  is  situated  on  several  beds  cropping  out 
in  succession,  and  of  different  agricultural  value,  a  person  ignorant 
of  Q-eology  might  be  puzzled  to  determine  the  value  of  the  estate ; 
and  it  would  present  appearances  extremely  different  if  the  sur- 
veyor first  walked  across  it  in  the  direction  of  the  dip,  and  after- 
wards on  the  strike. 
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In  order  to  obtain  a  true  notion  of  the  value,  subdiyisions  of  the 
property  must  be  made,  and  the  arranging  these  is  greatly  facilitated 
by  knowing  the  lines  of  outcrop  of  the  different  strata.  But,  be- 
sides enabfing  the  land-agent  to  do  this,  and  to  identify  the  various 
soils,  with  the  general  productiveness  of  which  in  other  places  he 
should  be  acquainted,  a  knowledge  of  G^eology  assists  in  showing 
what  land  is  in  a  forced,  exhausted,  or  ordinary  state  of  culti- 
vation ;  while  fi^m  the  mineral  structure  of  the  subjacent  rock 
the  composition  of  the  soil  may  be  inferred,  and  any  substance 
detrimental  or  fa^vourable  to  vegetation  be  detected. 

"  A  surveyor,  therefore,  should  be  acquainted  with  -the  nature 
and  extent  of  the  geological  formations,  especially  those  in  the 
more  immediate  sphere  of  his  duties ;  and  in  acquiring,  as  well  as 
applying  this  knowledge,  he  would  be  much  aided  by  good  geo- 
logical maps.  He  should,  also,  make  himself  thoroughly  acquainted 
with  the  relative  productiveness  of  the  soils  on  these  formations  ; 
and  in  valuing  an  estate,  he  should  observe  the  texture  of  the  soil 
and  subsoil, — ^the  dip  and  compactness  of  the  strata, — ^and  the 
form  of  the  surface  of  the  land ;  aU  these  circumstances  greatly 
affecting  the  value  of  landed  property*." 

2.  Drainage. 

891.  Drainage  is  both  an  engineering  and  agricultural  subject, 
and  in  each  requires  the  aid  of  Geology;  for,  as  it  is  certain  that 
no  land  can  be  well  and  economically  cultivated  which  is  not  pro- 
perly drained,  so  no  drainage  can  be  properly  effected  without 
some  reference  to  the  geological  structure  of  the  district. 

The  drainage  of  an  island  or  continent  is  effected,  under  ordi- 
nary circumstances,  by  means  of  a  gradual  and  usually  gentle 
inclination  of  the  sui&ce  of  the  country  towards  a  river-vafley,  a 
lake,  or  a  coast-line.  The  rain  which  falls  on  the  various  parts 
being  conducted  by  channels,  or  rushing  down  the  hill-sides  into 
brooks,  is  by  them  conveyed  to  the  neighbouring  rivers,  and  these, 
descending  into  and  traversing  the  plains,  at  length  reach  the 
sea ;  the  rate  of  motion  of  the  water  in  all  these  channels  ne- 
cessarily depending  on  the  amount  of  the  fall,  and  the  relation  it 
bears  to  the  distance  traversed  during  the  whole  course  of  the 
stream  from  the  high  ground  to  the  sea. 

892.  Now  there  are  two  points  in  this  statement  which  deserve 
attention,  namely, — ^first,  tnat  the  rate  of  motion,  or  the  velocity 
of  the  current,  has  reference  to  the  distance  traversed,  as  well  as 
to  the  amount  of  fall ;  and  next,  that  after  the  water  has  been  con- 
ducted to  the  foot  of  the  hills,  on  whose  slopes  it  has  been  partly 
collected,  it  frequently  has  to  traverse  a  large  extent  of  countiy 

*  Whitley's  "  Application  of  Geology  to  Agriculture,"  p.  143. 


444  PRACTICAL  aEOLOGT. 

nearly  borizontal,  and  in  which  the  descent  towards  the  sea  is 
hardly  appreciable.  Both  these  points  must  be  evident  to  every 
one  who  considers  the  subject ;  for  the  latter  is  simply  a  state- 
ment of  fact,  which  may  be  verified  by  referring  to  aunost  any 
map ;  and  the  former  is  equally  clear ;  for  if  a  river  has  to  trar- 
verse  a  certain  tract  of  country  m  a  direct  line  to  the  sea,  with  a 
given  amount  of  fall, — ^then  if  the  distance  traversed  is  increased 
by  means  of  the  sinuosities  of  the  channel  through  which  the 
water  passes,  the  rate  of  motion  must  evidently  be  £minished. 

893.  In  those  cases  in  which  an  extensive  tract  of  nearly  flat 
land  (its  elevation  not  being  much  above  the  level  of  high-water) 
is  traversed  by  a  number  of  streams,  nearly  stagnant  for  want  of 
a  sufficient  fJEul  to  carry  off  the  water,  there  is  an  evident  ten- 
dency to  form  swampy  and  marsh  land,  and  the  slightest  accident 
may  at  any  time  lay  under  water  a  whole  district. 

894.  But  there  are  other  cases  of  a  totally  different  kind,  in 
which  the  long  continuance  of  moisture  on  the  soil  is  exceedingly 
injurious,  and  prevents  cultivation.  Among  the  most  remarkable 
of  these  must  be  ranked  those  numerous  instances  of  peat-bog 
which  are  so  common  in  Ireland  and  in  many  other  countries, 
where  the  water  is  retained  partly  or  entirely  beneath  a  thick 
tough  coating  of  vegetable  sou,  made  up  of  the  matted  roots  of 
plants.  The  drainage  of  bogs  requires,  as  may  be  supposed,  a 
process  quite  different  from  that  which  would  succeed  with  fen- 
lands  ;  and  most  of  the  cases  in  which  it  is  required  to  improve 
land  by  drainage,  will  be  found  to  refer  either  to  the  class  just 
described,  or  to  that  of  which  the  fens  offer  the  best  example. 

895.  The  very  fact  of  stratification  itself,  and  the  manner  in 
which  the  subsoil  and  the  soil  are  derived  by  decomposition  from 
the  underlying  rock,  afford  a  ready  explanation  of  the  weU-drained 
condition  of  the  soil  in  any  district  that  is  tolerably  fertile. 
Drainage  is  indeed  a  natural  result  of  the  existence  of  alternating 
strata  of  different  materials,  some  (as  sandy  beds)  aUowing  water 
to  penetrate  them  freely,  others  (as  the  clays)  resisting  its  pass- 
age, and  others  again  (a^  many  limestones)  admitting  the  water 
by  numerous  cracks  and  fissures  into  reservoirs  and  subterraneous 
caverns,  but  not  absorbing  it  except  near  the  place  of  contact,  and 
remaining  elsewhere  comparatively  dry  and  unchanged. 

896.  All  these  different  beds  occurring  at  intervals,  and  being 
covered  up  by  the  subsoil,  which  rarely  resists  the  passage  of 
water  through  it,  the  surface-water,  when  in  excess,  penetrates 
into  the  subsoil,  audit  either  there  stagnates  in  underground  pools 
or  saturated  rocks,  or  is  carried  down  till  it  reaches  a  permeable 
stratum,  where  it  is  apparently  absorbed  and  swallowed  up,  but 
really  passes  out  again  to  the  surface  in  the  form  of  a  spring. 
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There  are  thus  two  very  different  conditions  under  which  the 
natural  soil  of  a  district  may  be  rendered  infertile  by  the  presence 
of  stagnant  water,  and  in  like  manner  there  are  two  ways  in  which 
drainage  may  be  effected,  one  of  which  is  called  surface-  and  the 
other' deep-draining.  By  the  former  is  meant  the  carrying  off  the 
water  by  shallow  drains  upon  the  surface,  while  the  latter  depends 
rather  iipon  the  geological  condition  of  the  underlying  rock. 

897.  Besides  the  ordinary  conditions  of  stratified  rocks,  the 
faults,  or  results  of  the  disturbances  of  strata  may  also  occa- 
sionally assist  the  agriculturist  in  the  drainage  of  laiid,  for  some 
of  these  faults  are  pervious  to  water,  and  act  as  main  drains  to 
large  portions  of  country,  while  others,  again,  are  fiUed  with  clay 
and  keep  in  the  water  on  one  side  of  the  fault,  preyenting  its 
passage  to  the  other.  In  either  case,  advantage  may  often  be 
taken  of  the  fault  by  any  one  possessed  of  an  adequate  know- 
ledge of  G«ology. 

898.  The  advantages  of  drainage  to  the  agriculturist  are  nu- 
merous and  manifest.  In  the  first  place,  it  carries  away  rapidly 
the  superfluous  moisture,  moderates  the  natural  dampness  of  the 
climate  in  a  wet  boggy  country,  and  is  equivalent,  therefore,  not 
only  to  a  change  of  soil,  but  also  to  a  change  of  climate,  both 
with  reference  to  plants  and  men. 

Drainage  produces  also  the  effect  of  an  actual  deepening  of  the 
soil,  as  it  facilitates  deep  ploughing,  and  permits  a  greater  ab- 
sorption of  useful  moisture  and  useful  mineral  salts,  or  organic 
matter,  while  it  is  also  the  means  of  noxious  mineral  com- 
pounds, such  as  the  salts  of  iron,  being  diffused  equally  and 
harmlessly  through  the  soil,  or  carried  away  before  the^  have  time 
to  form  those  ferruginous  compounds  which  are  injurious  to  the 
subsoil. 

Drainage  also  alters  the  circumstances  under  which  water  is 
suppUed  to  plants ;  for  wMle  in  dry  or  drained  lands  the  roots  of 
plants  obtain  their  moisture  fi^om  the  rain  which  Mis  on  the  sur- 
face, in  swampy  ground  their  spongioles  are  only  supplied  with 
exhausted  subsoil  water. 

Lastly,  it  is  a  necessary  preparation  to  many  other  means  of 
improvement  which  may  be  applied  to  land,  and  must  in  all  cases 
be  preliminary  to  every  kind  of  building  and  engineering  work, 
as  no  foundation  can  be  stable,  and  no  situation  good,  in  which 
the  water  is  allowed  to  accumulate  on  a  retentive  soil. 

899.  The  process  of  warping,  or  admitting  muddy  water,  or 
water  loaded  with  silt,  to  enter  low  flats  at  flood  or  high  tides, 
there  to  remain  until  it  has  deposited  its  mud,  and  afterwards 
allowing  it  to  run  off  clear  when  the  tides  are  low,  is  an  important 
means  of  raising  the  general  level  of  large  low  tracts  near  the 
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sea,  iintil  they  approach  the  highest  level  of  high  water,  and  be- 
come permanently  reclaimed. 

900.  The  process  of  deep-draining  differs  from  that  of  surface- 
draining  already  described,  and  has  for  its  object  a  somewhat  dif- 
ferent result.  It  is  also  connected  with  the  subject  of  road-  and 
canal-making,  and  requires  to  be  understood  and  carefuUy  attended 
to  by  the  engineer,  for  without  such  attention  a  canal  may  be 
useless,  after  all  the  expense  of  construction  has  been  incuired ; 
and  a  line  of  road  may  be  so  dangerous  as  seriously  to  interfere 
with  the  traffic  upon  it. 

901.  In  the  case  of  road-cuttings,  and  especially  deep  cuttings 
for  railways,  and  also  in  tunneUing  and  shaft-sinldng,  a  familiar 
acquaintance  with  the  principles  of  G-eolosy,  and  a  knowledge  of 
the  structure  of  the  earth  may  be,  and  of  late  years  often  haye 
been,  of  yery  essential  adyantf^e.  Where  bancw  of  sand,  or  any 
easily-moyed  material,  are  crossed  by  such  cuttings,  and  contain 
or  transmit  water,  the  position  of  the  outcrop  requires  to  be  known 
to  prevent  mischief  from  sHps ;  and  in  all  cases  the  slopes  of  a 
cutting  should  be  formed  with  reference  to  the  dip  of  the  strata, 
especially  when  the  cutting  is  in  the  direction  of  their  strike. 

902.  The  importance  of  geological  knowledge  in  canal-making 
was  long  ago  recognized,  and  was  appHed  by  Mr.  W.  Smith,  in 
1811,  in  a  very  successful  manner.  About  that  time  many  canals 
were  being  cut  in  the  west  of  England,  and  these,  crossing  the 
Oolitic  hilLs,  were  found  to  be  particularly  liable  to  accidents  of 
leakage,  being  cut  through  open-jointed,  and  sometimes  cayemous 
rocks,  alternating  with  water-tight  clays.  In  the  passage  across 
the  former  rocks,  and  more  especially  when  the  summit-leyel  of 
the  canal  occurs  in  them,  the  water  escapes  almost  as  fast  as  it 
enters,  and  aU  the  skill  of  the  engineer  in  puddling,  and  making 
an  artificial  bed,  is  sometimes  exerted  in  yain,  and  cannot  prevent 
great  and  ruinous  loss.  But  the  existence  of  open  joints  and 
caverns  is  by  no  means  the  only,  nor,  indeed,  is  it  the  greatest 
source  of  injury,  for  innumerable  small  faults  or  slides  traverse 
the  country  and  confuse  the  natural  direction  of  the  springs,  ren- 
dering them  short  in  their  courses,  and  uncertain  and  temporary 
in  their  flow,  weakening  by  their  irregular  pressure  every  defence 
that  may  be  opposed  to  them,  and  causing  leaks  which  let  through 
a  portion  of  tne  water  contained  in  that  level  of  the  canal. 

903.  The  general  remedy  for  all  these  evils  was  understood  by 
Mr.  Smith,  and  proposed  by  him  for  adoption.  It  is  "  the  entire 
interception  of  all  the  sprmgs  which  rise  from  a  level  above  the 
canal  and  pass  below  it  through  natural  Assures  and  cavities.  This 
is  a  process  requiring  great  skill  and  extensive  experience ;  some 
of  the  springs,  for  instance,  which  it  is  most  important  to  inter- 
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cept,  come  not  to  the  surface  at  all  in  the  ground  above  the  canal, 
but  flowing  naturally  below  the  surface  t&ough  shaken  or  faulty 
ground,  or  along  masses  of  displaced  rock  which  extend  in  long 
ribs  from  the  brows  down  into  the  vale,  emerge  or  attempt  to 
emerge  in  the  banks  of  the  canal;  these  no  ordinary  surface- 
draining  will  reach,  and  none  but  a  draining-engineer  well  versed 
in  the  knowledge  of  strata  can  successfully  cope  with  such  myste- 
rious enemies.  But  Mr.  Smith,  confident  in  his  great  experience, 
not  only  proposed,  by  a  general  system  of  subterraneous  excava- 
tion, to  intercept  all  these  springs,  and  destroy  their  power  to 
injure  the  canal,  but  farther  to  regulate  and  equalize  their  dis- 
charge so  as  to  render  them  a  positive  benefit.  This  he  would 
have  accomplished  by  penning  up  the  water  in  particular  natural 
areas,  or  pounds,  which  reaUy  exist  between  lines  of  fault  in  most 
districts,  or  between  certain  ridges  of  clay  (*  horses ')  which  in- 
terrupt the  continuity  of  the  rock,  and  divide  the  subterranean 
water-fields  into  limited  districts,  separately  manageable  for  the 
advantage  of  man  by  the  skilful  adaptation  of  science*.'!. 

904.  This  account  of  the  nature  of  the  work  required  ia  sub- 
terranean drainage  is  so  much  to  the  purpose,  that  little  can  be 
added  in  further  illustration  of  the  subject.  The  principles  in- 
volved must  in  most  cases  be  nearly  the  same,  and  whether  it  is 
required  to  prevent  a  canal  from  leaking,  or  a  deep  cutting  or 
tunnel  from  being  drowned,  or  whether,  £ially,  it  is  the  object  to 
prevent  the  washing  away  of  a  thin  intermediate  stratum,  V  the 
absence  of  which  an  upper  bed  will  be  enabled  to  slide  upon  a 
lower  one  and  produce  a  landslip,  the  general  nature  of  the  con- 
trivances to  be  adopted  difiers  but  little,  although  the  particular 
method  must  in  ail  cases  be  strictly  adapted  to  the  special  con- 
ditions involved,  and  must  vary  in  every  district.  It  is  only  by  a 
clear  and  accurate  comprehension  of  the  actual  cause  in  each 
instance,  that  the  draining-engineer  can  hope  to  succeed,  whether 
in  combating  an  evil  that  already  exists,  or  preventing  an  accident 
that  is  foreseen. 

3.  On  Wafer-mpph/from  Bocks. 

905.  The  distribution  of  water  upon  the  surface  of  the  earth  is 
a  subject  of  very  great  interest  to  the  engiaeer,  and  not  less  so 
to  the  agriculturist,  while  the  condition  in  which  water  is  present 
within  the  earth,  the  substances  held  in  solution  or  suspension, 
and  the  circumstances  under  which  it  can  be  extracted,  are  ques- 
tions worthy  of  special  consideration,  with  reference  to  the  supply 
of  Water  to  towns  for  household  and  sanitary  purposes. 

906.  The  atmosphere  is  well  known  to  be  the  main  agent  em- 

«  FhUlipB'B  "  life  of  WiUiam  Smith/'  p.  00. 
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ployed  by  Nature  in  the  distribution  of  moisture  upon  the  earth, 
absorbing  a  considerable  quantity  of  water  in  its  passage  over  the 
sea,  and  afterwards  depositing  it  in  the  form  of  rain,  owing  to 
changes  which  take  place  in  its  temperature,  and  probably  in  its 
electrical  condition.  Of  the  quantity  of  rain,  however,  which  falls 
upon  the  earth  in  a  given  spot,  only  a  small  proportion  finds  its 
way  to  the  sea  directly  and  immediately,  by  means  of  rivers ;  and 
it  has  been  calculated  by  M.  Arago  that  this  proportion  in  the 
valley  of  the  Seine  is  not  more  thMi  one-third.  Of  the  rest,  some 
portion  is,  no  doubt,  re-absorbed  by  the  atmosphere,  and  some 
enters  immediately  into  the  composition  of  plants  and  animals ; 
but  a  large  quantity  remains,  and  this  descends  into  the  bowels  of 
the  earth  by  means  of  those  strata  which  are  permeable  to  water, 
and  is  either  retained  in  them  until  they  are  full,  and  then  poured 
over  their  edges  into  the  neighbouring  country,  to  feed  the  nearest 
Btream;  or  is  discharged  in  the  form  of  perei^  springs,  where 
the  containing  stratum  is  exposed  on  a  hill-side ;  or  lastly,  is  accu- 
mulated in  the  substance  of  the  rock  or  in  natural  reservoirs, 
whence  it  is  discharged  by  some  communication  with  the  surface 
at  a  lower  level. 

907.  Eocks,  however,  vary  greatly  in  the  quantity  of  water  they 
retain,  in  the  way  in  which  they  retain  it,  in  the  relative  facility 
with  which  they  absorb  or  part  with  it,  and  in  the  degree  of  acci- 
dental interruption  that  can  interfere  with  the  free  course  of  the 
water  beneath  the  surface.  Thus  sands,  if  loose,  allow  water  to 
_>ercolate  freely  through  them ;  if  hardened,  they  conduct  water 
very  badly,  or  not  at  all ;  if  broken,  they  offer  natural  channels, 
permitting  a  very  perfect  but  partial  transmission.  So  limestones, 
under  certain  circumstances,  are  good  conductors;  and,  under 
other  circumstances,  very  bad  conductors  of  water ;  and  this  is 
governed  bv  the  nature  of  the  rock,  its  condition,  its  position, 
and  generally  by  those  facts  observed  and  described  by  the  Gbo- 
logist.  Even  clays,  although  generally  tough  and  quite  imper- 
meable, retaining  water  to  any  extent,  are  sometimes  broken  by 
permeable  joints,  and  sometimes  are  imxed  with  so  much  sand 
and  lime  as  not  to  be  absolutely  close. 

908.  But  few  experiments  have  been  made  with  reference 
to  this  very  important  subject.  All  rocks  indeed  are  known  to 
contain  water ;  and  so  general  is  this,  that  many  ignorant  or  haJf- 
informed  persons  think  it  only  necessary  to  bore  to  some  depth 
beneath  the  surface  in  any  spot  in  order  to  discover  a  spring.  The 
frequent  disappointments  in  such  cases  afford  proof  of  the  necessity 
of  using  some  judgment  in  the  matter ;  but  the  more  frequent  suc- 
cess, however  parSal,  affords  the  best  evidence  of  the  presence  of 
water  generally  at  all  moderate  depths  beneath  the  surface. 
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909.  Natural  springs  occur  (1)  in  surface-rocks  of  loose  and 
open  texture,  as  sand  and  gravel  fuUy  saturated  with  water,  and 
not  covered  by  impermeable  beds : — these  are  called  land-springs, 
and  cannot  rise  above  the  surface ;  (2)  at  the  outcrop  or  inter- 
section of  fully  saturated  permeable  beds  lying  between  beds 
more  or  less  impermeable : — ^these  are  not  uncommon,  and  often, 
when  reached  by  bore-holes,  yield  Artesian  springs  rising  to  the 
surface,  though  they  can  rarely  be  depended  on  for  a  large  and 
permanent  supply  of  water ;  (3)  at  the  natural  or  artificial  inter- 
section of  a  permeable  bed  resting  on  an  impermeable  one,  the 
former  not  requiring  to  be  fully  saturated  to  yield  springs : — ^this 
occurs  commonly  at  sea-cliffs  and  cuttings,  when  the  slope  of  the 
beds  is  towards  the  cliff  or  cutting ;  (4)  at  open  faults,  where  the 
natural  descent  of  a  wet  bed  of  loose  texture  is  stopped,  and  the 
water  rises  nearly  to  its  former  level,  often  in  this  way  producing 
natural  Artesian  springs ;  (5)  at  anticlinal  axes,  owing  to  pressure 
fp6m  below,  probably  connected  with  chemical  action : — ^this  and 
the  former  case  frequently  resulting  in  mineral  springs,  sometimes 
of  high  temperature.  Besides  these,  which  may  be  regarded  as 
natural  causes  of  springs,  artificial  supplies  of  water  may  often  be 
obtained  by  penetrating  through  surface-deposits  to  saturated  per- 
meable beds,  occurring  between  impermeable  beds,  and  receiving 
their  supplies  from  a  higher  level  than  that  reached  by  the  boring ; 
or  by  piercing  natural  reservoirs  or  open  channels  in  impermeable 
rocks,  supplied  also  from  a  higher  level,  and  by  channels  ftdl  of 
water  and  producing  pressure. 

910.  Artesian  wells  are  so  called  from  the  French  province  of  Artois,  where, 
so  far  back  as  at  the  beginning  of  the  twelfth  century,  it  was  the  custom  to^ 
obtain  springs  of  water  aurtificiedly  by  piercing  the  soil  to  a  certain  depth  in 
places  where  no  indication  of  springs  existed  at  the  sur&ce.  When,  therefore, 
in  other  districts  water  is  obtained  by  boring,  and  the  water  thus  reached  rises 
to  the  8ur£EU»,  or  attains  a  considerable  height  in  the  well,  the  term  Artesian  is 

Fig.  241. 
1        Paris. 
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Section  illustrating  the  Artesian  well  of  GreneUe. 

1.  Tertiary  beds  of  Paris  basin.  .  3.  Upper  greensand. 

a.  Chalk.  4.  Underlying  retentive  beds. 

applied,  and  serves  to  distinguish  these  springs  from  others  which  flow  on  a 
hill-side,  or  at  faults,  or  in  which  there  is  no  tendency  to  rise  above  the  level  of 
the  water-containing  bed,  or  natural  underground  reservoir.  Dr.  Buckland 
proposed  to  limit  the  term  to  those  wells  in  which  the  vrater  rises  above  the  sur- 
face ;  but  the  proximity  to  the  sur&ce  to  which  the  vrater  will  rise  is  so  entirely 
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dependeiit  on  irr^gularitiM  of  Burfiftoe,  that  sueh  a  limitatioii  ooold  only  induce 
confusion,  and  we  ^[teatly  piefisr  the  more  general  and  lecognized  defini- 
tion*. Wellfl  of  a  Bmular  nature  haye  been  in  use  from  .the  earuest  historical 
period* 

911.  Of  the  different  kinds  of  rocks  met  with  in  nature,  sands 
and  gravels  may  be  considered  the  most  open,  but  both  require 
careml  examination  if  we  would  discover  their  true  condition. 
Thus,  many  sand  rocks,  although  themselves  loose  and  containing 
much  water  with  which  they  would  readily  part,  have  undergone 
a  partial  consolidation,  or  are  traversed  bj  a  multitude  of  crevices, 
and  sometimes  by  systems  of  faults  parallel  to  each  other,  Med 
up  with  clay,  quartz,  or  oxide  of  iron,  and  crossed  by  others  at 
nffht  amrles  to  them.  The  whole  mass  of  rock  is  thus  divided 
into  comiartment8  or  cells,  which  hare  UtUe  communication  with 
each  other,  and  if  one  such  compartment  is  drained  by  pumping, 
others  at  a  distance  are  not  necessarily  affected.  When  part  of  a 
rock  of  this  kind  is  covered  with  gravel,  little  difference  might  he 
anticipated;  but  if  this  surface-gravel  covers  up  and  conceals 
boulder  clay  of  a  stiff  and  tenacious  character — ^and  this  is  by  no 
means  uncommon  in  various  parts  of  England — ^the  compartments 
above  alluded  to  wiU  be  very  differently  supplied  with  water  in 
various  parts  of  the  same  dismct. 

Loose  sand  rocks  aLtematiog  with  bands  of  marl  and  not  inter* 
sected  by  impermeable  bands,  such  as  form  the  great  mass  of  the 
New  red  sandstone  series  in  the  middle  and  south  of  England, 
usually  allow  water  to  percolate  freely  to  their  base,  the  marl  beds 
forming  mere  local  interruptions,  and  retaining  the  water  at  the 
surface  only  so  long  as  it  is  running  towards  some  natural  vent. 
Harder  sands  and  sandstones,  such  as  the  miUstone  grit,  form  an 
almost  impassable  barrier  for  water,  and  conduct  it  to  some  other 
more  permeable  rock. 

912.  Clays  when  of  considerable  thickness  and  extent  do  not 
allow  water  to  pass  downwards  into  the  earth,  and  often  by  their 
level  and  easily-smoothed  surface  retain  large  pools  and  sheets  of 
water  to  the  great  injury  of  the  soil.  "When  there  is  a  natural 
fall  to  the  sea,  however  small,  there  is  always  a  possibility  of 
greatly  improving  the  condition  of  such  land  bv  drainage,  while 
springs  of  water  are  neither  required,  nor  if  required  would 
they  be  easily  found  without  sinking.  It  may  happen — ^and  the 
geological  structure  of  the  district  would  show  whether  this  is 
ukely  or  not — ^that  the  clay  covers  up  permeable  and  very  wet 
beds,  which,  if  borings  were  made,  would  rise  to  the  surface  in 
Artesian  weUs.     On  the  other  hand,  it  may  happen  that  by  open- 

*  The  exprea^on  "  n^tire  Arterian  wells'*  has  lately  been  proposed  for  draixu^  borings  to 
permeable  strata,  the  olqect  of  which  is  to  remoTC  instead  of  to  oring  water. 
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ing  a  way  into  the  lower  beds,  the  surface-waters  would  be 
drained  off. 

913.  Calcareous  or  lime  rocks  differ  a  good  deal  in  their  con- 
taining power  with  reference  to  water,  and  much  doubt  has  long 
existed  as  to  the  true  state  of  such  rocks  in  particular  cases. 
They  may  be  divided  into  two  groups — the  one  partaking  more  or 
less  of  a  spongy  nature,  and  the  other  hard  and  semi-crystaUine. 
The  OoHtes  offer  a  kind  of  intermediate  condition.  The  first  of 
these  groups  is  illustrated  by  chalk,  of  which  the  soft  upper  beds 
are  eiceedmgly  porous  and  absorbent  of  water.  The  lower  beds 
of  chalk,  though  not  so  soft  as  the  upper,  are  usually,  when  pene- 
trated by  sinkings,  found  to  be  exceedmgly  wet,  and  a  large  quantity 
of  water  is  yielded  freely,  though  the  replacement  seems  to  take 
place  but  slowly.  In  adoition  to  the  ordmary  sources  of  water  in 
the  mass  of  the  rock,  there  is  no  doubt  of  the  existence  of  numerous 
fissures  and  crevices,  and  frequent  lar^e  cavities,  in  chalk  and  all 
other  lime  rocks,  and  these  are  often  Med  with  water  at  consider- 
able pressure. 

914.  As  a  rock  which  has  for  yarious  reasons  attracted  great  attentioii,  and 
been  very  differently  described,  it  may  be  worth  while  to  consider  in  some 
detail  the  nature  of  the  chalk,  as  a  water-bearing  rock  having  a  wide  range,  and 
pretty  uniformly  exhibited  under  the  same  mineral  type. 

The  experiments  mentioned  below  were  made  in  the  King's  College  laboratory 
on  three  sets  of  specimens  of  chalk,  one  (No.  1)  from  the  upper  dudk  near  Box 
Hill,  another  (No.  2)  from  the  middle  bed  near  Tring,  and  the  third  (No.  8) 
from  the  lower  beds,  probably  chalk-marl,  near  the  bottom  of  the  chalk  towards 
the  extremity  of  Tring  Cutting.  The  chalk  being  cut  into  slabs  weighing  about 
a  quarter  of  a  pound  each,  these  slabs  were  weighed  in  their  ordinary  state  after 
bemg  for  some  months  exposed  to  the  air ;  then,  when  absolutely  dry ;  and, 
lastly,  when  saturated  by  immersion  into  water  t»  vacuo.  The  weight  when 
absolutely  dry  being  regarded  in  each  case  as  1000,  we  have— 


Weight  in  ordinary  state 

No.  1. 

No.S. 

No.S. 

1002-73 
1186-57 
24-987 
•4 

1002-30 
116000 
20*628 
•33 

1010-15 
116102 
21-349 
•34 

Weight  when  saturated   

Founds  of  water  in  a  cube  foot  of  wet  chalk 
Bulk  of  water  in  chalk,  a  cube  foot  being  unity 

From  this  it  is  evident  that  at  least  one-third  of  the  bulk  of  frilly  saturated 
chalk  consists  of  water,  so  that  at  a  rough  estimate  there  are  about  two  gallons 
of  water  in  each  cube  foot  of  wet  chidk.  It  also  results  that  some  Imids  of 
chalk  (No.  3)  contain  one  per  cent,  of  water  (by  weight)  eyen  when  apparently 
dry,  while  the  upper  chalk  scarcely  contains  more  than  from  two  to  throe  parts 
in  1000  under  those  circumstances. 

915.  The  following  Table,  showing  the  weight  and  yolume  of  water  oontamed 
in  seyeral  other  well-known  rocks  when  saturated,  will  also  be  found  yery  usefoL 
The  saturation  is  not  under  an  exhausted  receiyer*. 

*  Report  of  Comnussionen  on  Building-stones  for  Uie  Houses  of  Parliament. 
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ABSOKBE^T  FOWEB  OF-  TABXOUS  BOCKS, 

Name  of  Stone. 

Loeality. 

Qaalitj  of  Stone. 

Weight  per 
cube  foot. 

Ibe.    OS. 

Crrains 
of  water 
absorb- 
ed in 
each 
cubic 
inch. 

Bulk  of 

water 

absorb- 

ed(8in. 

cubes 

=  1). 

Oraigleith  ... 

DarJ^j  Pale... 

Mansfield  red 

Do.     white 

Ancaster 

Bamack 

Bath  (Bos)... 
Ketton    .  I . . . . 

Portland 

Bolsoyer 

Brodsworth... 
Park  Nook... 
Ghihnark    ... 

Edinburgh    

Derbysh&e    

Nottinghamshire. . 
Do 

Sandstone 

145  14 
148     8 

148  10 

149  9 
139    4 

136  12 
123 

128    5 
135    8 
151  11 
133  10 

137  3 
153    7 

20-4 
18-5 
26-3 
23*5 
420 
860 
42-8 
38-2 
84-4 
20-1 
54-6 
56-0 
72 

0080 
0-072 
0104 
0092 
0166 
0141 
0169 
0-151 
0135 
0-079 
0-215 
0-221 
0-068 

Do 

Do 

Do 

Tiinoohishire 

Northamptonsh. .. 
Wiltshire  

Oolitic  limestone.. 
Do 

Do 

Rutlandshire 

Dorsetshire   

Derbyshire    

Y'^rkahi'^  ......... 

Do 

Do 

Magnesian  Umest. 
Do 

Do 

Do 

Wfltshire  

Silioeoud  limest. 

916.  "Witli  regard  to  the  fact  that  in  limestones,  and  sucli  like 
rocks,  there  exist  great  natural  caverns,  and  that  even  in  clayey 
beds  there  are  alternating  bands  of  sand  and  gravel  capable  of 
receiving  a  considerable  quantity  of  water,  communicating  with 
the  surface,  and  sometimes  passing  down  to  immense  depths,  there 
can  be  no  doubt  whatever ;  and  it  is  equally  certain  that  in  some 
of  them,  at  any  rate,  the  sheets  of  water  are  of  very  considerable 
extent.  This  is  known  not  only  by  the  examination  of  such  rocks 
of  the  kind  as  are  exposed  at  the  surface,  and  by  the  appearances 
they  there  present,  but  also  fipom  the  occasional  cavities  discovered 
in  Doring  for  Artesian  wells,  and  also  in  sinking  deep  shafts  in 
mining  £stricts. 

917.  As  beiQg  perhaps  one  of  the  most  interesting  of  these, 
and  proving  that  springs  opened  at  great  depths  are  sometimes 
dependent  on  atmospheric  supplies  and  obtained  by  means  of  the 
peculiar  geological  structure  of  the  country,  we  may  mention  the 
case  of  a  fountam  at  Nismes,  in  the  south  of  France,  the  supply 
from  which,  even  in  times  of  great  drought,  amounts  to  146  gal- 
lons of  water  per  minute ;  but  it  is  found  that,  when  it  rains 
heavily  at  a  distance  of  about  six  or  seven  miles  from  the  fountain, 
in  a  north-westerly  direction,  an  increase  takes  place  suddenly  in 
the  supply,  so  that  it  then  sometimes  pours  forth  as  much  as 
1000  gallons  per  miaute,  the  te'mperature  of  the  water  supplied 
undergoing  no  change.  It  is  clear  in  this  case  that  the  spring 
must  be  fed  from  a  distance,  and  by  means  of  long  channels,  which 
allow  the  water  to  flow  rapidly  through  them.     The  rapidity  of 
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communication  also  is  so  great,  that  these  channels  must  in  all 
probability  be  open. 

As  other  instances  maybe  quoted,  1st,  the  rock  of  Torghal,  in  Norway,  which 
is  pierced  from  end  to  end  (more  than  3000  feet)  by  a  rectilineal  opening  150 
feet  high.  2nd.  The  celebrated  cavern  of  Adelsberg,  m  Camiola,  which  receives 
the  waters  of  a  river,  contains  a  large  lake,  and  has  been  traced  for  a  distance 
of  at  least  six  miles,  but  is  probablv  much  more  extensive.  3rd.  The  fountain 
of  Yaudiise,  which  issues  from  subterraneous  rocks,  and  pours  forth  a  volume 
of  upwards  of  13,000  cubic  feet  per  minut«,  even  under  ordinary  circumstances, 
and  this  increases  sometimes  to  40,000  cubic  fiset. 

918.  The  actual  source  of  fresh  supplies  of  water  to  aU  rocks 
must  ultimately  be  the  atmosphere,  and  the  quantity  that  would 
be  added  in  one  year  in  a  given  district  is  thus  calculable  withia 
certaia  limits,  if  we  know  the  area  of  drainage,  the  nature  of  the 
rock,  its  dip,  strike,  and  faults,  and  its  absorbent  powers,  the  depth 
of  rock  of  the  kind  observed,  and  the  nature  of  the  underlying  bed. 
The  overlying  superficial  deposits  must  also  be  taken  into  con- 
sideration, as  the  presence  of  clay  in  them  will  manifestly  afiect  the 
result  to  a  very  considerable  extent.  Lastly,  we  must  know  the 
mean  annual  rain-fall  in  the  district,  the  extent  to  which  evapora- 
tion goes  on,  and  the  seasons  of  the  year  at  which  rain  chiefly  falls. 

dl9.  The  mean  rain-&ll  in  all  England,  taken  one  year  with  another,  is  con- 
sidered to  be  on  the  whole  about  30  inches ;  but  the  average  on  the  plains  is 
24|  inches,  and  on  the  mountains  40^  inches.  The  average  fall  during  the 
spring  and  summer  months  on  the  plains  is  10|  inches,  on  the  mountains  18^ 
inches ;  and  during  the  winter  and  autunfti  months,  on  the  plains,  14  inches, 
on  the  mountains,  22  inches.  The  total  amount  that  sometunes  falls  in  one 
year  is  often  fisur  above  or  below  the  average  in  particular  spots.  Thus,  at 
Seathwaite,  in  the  Westmoreland  lake  district,  nearly  161  inches  are  recorded ; 
this  being  equal  to  the  largest  average  in  the  tropics. 

It  may  be  considered  that  the  mean  annual  rain-fiill  at  Qreenwich  amounts 
to  about  24  inches.  In  the  ^ear  1840  the  fiill  only  reached  16*43  inches ;  but 
an  unusually  large  quantity  m  the  succeeding  year  fully  made  up  the  average. 
It  must  be  remembered,  tlutt  in  the  years  of  minimum  rain-£Edl  the  evaporation 
will  be  at  its  mnTimum.  The  actual  amount  of  water  that  £ei11s  over  the  whole 
earth  in  the  course  of  one  year  is  calculated  to  be  equivalent  to  one  yard  in 
depth,  if  retained  on  the  suruce  of  the  land. 

920.  A  familiar  but  very  important  example  of  the  quantity  of 
water  present  in  a  rock  may  be  here  given  from  the  beds  imme- 
diately round  London.  These  are  well  known  to  consist  of  clays 
reposing,  first,  on  beds  of  shingle,  sand,  and  other  material  of  loose 
texture,  and  then  on  chalk,  which  extends  to  some  distance  both 
north  and  south.  Both  clays  and  chalk  are  partly  covered  also  with 
gravel,  some  part  of  which  is  open,  and  allows  water  to  run  freely 
through  it,  while  some  part  contams  clay,  and  would  hold  water 
to  any  extent.  The  "London  clay,"  described  in  a  former  chapter, 
is  tough  and  impermeable,  and  bore-holes  put  down,  or  shafts 
sunk  to  any  considerable  depth  ia  it,  generally,  but  not  always, 
yield  water,  which  rises  sometimes  above  the  smface,  often  to  the 
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BurfiEM^e,  and  most  frequently  to  some  height  without  reaching  the 
surface.  When  water  is  lifted  by  subterranean  pressure  above  the 
level  of  a  water-containing  bed  l>elow  the  surfiAce,  the  wells  are,  as 
we  have  seen,  Artesian,  and  must  in  all  cases  involve  the  drainage 
of  a  district  at  some  distance  from  the  overlying  surface.  The 
very  fact  of  the  welling  or  springing  up  of  water  when  a  particular 
bed  or  reservoir  is  reached,  seems  to  require,  as  a  matter  of  abso- 
lute necessity,  that  there  should  be  a  bed  lying  above  that  which 
yields  the  water,  and  which  is  in  some  measure  impermeable, 
although  no  doubt  a  relative  impermeabitLty  is  sufficient  when  the 
overlying  beds  are  also  wet*. 

921.  The  cause  of  the  water-Bupply  obtained  at  the  base  of  the  London  clay. 
Is  the  presence  there  of  sands  and  shingles  crof^ping  out  at  the  rim  of  the  basin, 
generaUy  at  higher  levels  than  the  clay  itself.  These  beds  conduct  water  pretty 
freely,  and  a  huree  (Quantity  is  retained  either  on  the  surface  of  the  chalk  or  on 
some  bands  of  plastic  claj  occurring  amongst  the  sandy  and  shingly  beds.  The 
cause  of  the  yery  great  nrregularity  of  the  supply  from  wella  smik  into  these 
lowest  Tertiary  deposits,  seems  to  be  partly  the  uregular  nature  of  the  lower 
beds,  partly  the  very  uneven  surface  of  the  chalk,  and  partly  the  fact  that  in 
some  sinkmgs  a  reservoir  is  reached  and  in  others  only  a  portion  of  a  wet  bed 
is  intercepted. 

922.  The  average  quantity  of  water  presumed  to  be  supplied 
between  the  chalk  and  the  London  clay  during  the  year  may 
be  de<?uced  by  regarding  the  outcrop  of  the  lower  tertiary  per- 
meable beds  as  a  Ime  of  150  miles  long,  the  mean  breadth  of  ex- 
posed permeable  rock  being  one  mile,  and  the  quantity  of  rain 
absorbed  during  the  year  six  inches. 

Of  the  quanfiiy  thus  calculated  only  a  certain  proportion  could 
be  removed  at  all,  and  that  only  by  a  number  of  wells  sufficient 
to  avoid  the  necessity  of  the  water  flowing  from  one  underground 
reservoir  to  another. 

The  actual  quantity  of  water  contained  in  the  solid  chalk  is  very 
large,  but  of  this,  owing  to  the  form  of  the  country  and  the  nature 
of  chalk,  only  a  small  proportion  is  really  obtamable.  The  chalk 
may  be,  and  generally  is,  wet  at  and  below  moderate  depths  from 
the  sur&ce,  but,  according  to  distinct  experiments,  carried  on  by  the 
author  with  special  reference  to  water-supply,  wet  chalk  does  not 
give  off  by  natural  drainage  into  a  well  any  sensible  proportion  of 
the  water  it  contains  in  its  substance,  but  only  that  water  which 
percolates  through  the  narrow  cracks  and  fissures. 

K  we  regard  the  chalk  not  only  as  a  mineral  mass  of  a  certain 
texture  and  composition,  but  also  as  a  stratified  deposit  that  has 
undergone  pressure  and  much  contraction  in  assuming  its  present 
form,  consisting  now  of  bands  of  different  texture  and  different 
water-containing  powers,  broken  up  into  joints,  occasionally  faulted, 

*  See  the  diagram  illustrating  the  nature  ci  ordinary  Artesian  wells,  fig.  241,  p.  449. 
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and  in  all  parts  subject  to  interruption  by  tlie  presence  of  foreign 
bodies,  we  shall  obtain  the  best  clue  to  a  discovery  of  the  real 
cause  of  the  irregularities  of  the  water-supply  in  this  rock.  On 
reaching  any  one  of  the  less  permeable  bands,  or  any  considerable 
crevice  at  a  depth  from  the  surface,  we  may  expect  to  find  a  large 
body  of  water,  while  when  any  large  unbroken  mass,  whether  more 
or  less  porous,  is  pierced,  there  is  either  no  large  supply  at  aU,  or 
a  supply  very  easily  exhausted. 

It  might  be  supposed  that  a  part  at  least  of  the  water  £iklliiig  on  the  imper- 
meable beds,  whether  London  clay  or  belonging  to  more  modem  deposits, 
would  add  to  the  supply  by  drabiing  from  its  surrace.  This  may  be  the  case  to 
a  small  extent,  especially  where  small  streams  come  over  such  deposits,  and  are 
lost  after  passing  over  some  distance  of  chalk ;  but  it  is  not  likely  seriously  to 
affect  the  question,  since  there  must  be  a  good  deal  of  evaporation  from  such 
Bur&ces  in  warm  weather  when  much  rain  falls,  and  the  superficial  coating  of 
soil  and  gravel  almost  always  allows  the  water  to  enter  partially,  and  prevents 
immediate  drainage  to  a  lower  level. 

923.  There  is,  however,  a  great  difference  between  the  supply 
obtainable  from  springs  on  a  line  of  outcrop,  and  that  from  deep 
sinkings  within  a  comparatively  small  area.  In  the  chalk  espe- 
cially this  must  be  the  case,  for  the  percolation  of  the  water 
through  the  mass  of  the  rock,  if  in  any  sense  complete,  must  be, 
and  certainly  is,  very  slow.  This  is  shown  by  the  fact,  that  a  well 
of  exhaustion — as  a  well  constantly  kept  pumped  down  is  called — 
affects  the  immediate  surface  to  a  very  marked  extent,  but  does 
not  produce  much  observable  difference  at  the  distance  even  of  a 
few  hundred  yards. 

At  Sheemess,  water  is  obtained  in  the  lower  part  of  the  London  day  at  about 
800  feet,  and  then  rises  above  the  level  of  the  ground.  At  Fulham,  the  London 
clay  does  not  appear  to  contain  a  supply,  but  sinkings  of  about  70  feet  in  the 
underlying  chsik  have  been  attended  with  success.  At  Hammersmith,  sinkings 
to  360  feet  reached  water,  and  at  Ghiswick,  in  the  gardens  of  the  Hoiticultural 
Society,  abundant  supplies  have  been  obtained  at  330  feet ;  but  in  the  Duke  of 
Northumberland's  grounds  above  Ghiswick,  no  water  vras  obtained  at  the  junc- 
tion of  the  London  clay  and  the  chalk,  nor  until  the  latter  rock  had  been  pene- 
trated to  a  great  depth.  At  620  feet,  however,  a  reservoir  was  tapped  which 
delivered  the  water  not  only  at  the  surface,  but  about  4  feet  above  it. 

From  sandstone  the  quantity  of  water  obtained,  whether  by  natural  springs 
at  the  outcrop  of  beds  or  by  Artesian  wells  sunk  in  them,  is  sometimes  exceed- 
ingly large.  G^ie  Greensand  in  Surrey  ^elds  upwards  of  thirhr  millions  of 
gallons  per  day  from  crop  springs  near  Ghnldford,  and  the  New  red  sandstone  of 
Cheshire  aa  much  as  sixteen  millions  per  day  fi^>m  a  tract  of  country  not  more 
than  thirty-six  square  miles  in  extent.  Irom  the  New  red  sandstone,  even 
under  favourable  circumstances,  there  is  little  probability  of  obtaining  on  an 
average  more  than  a  million  of  gallons  per  day  fi^>m  weUs  of  exhaustion,  and 
only  one  such  well  can  be  sunk  with  advantage  vrithin  a  circle  whose  radius  is 
a  mile. 

924.  "Water  has  been  frequently  obtained  from  rivers  for  the 
use  of  towns — ^the  water  being  sometimes  conveyed  from  a  con- 
siderable distance  by  aqueducts  or  pipes.    More  recently  it  has 
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been  thought  advisable  to  collect  and  store  water  in  large  re- 
servoirs, whence  it  is  conveyed  to  the  required  spot.  Some  of  the 
largest  manufacturing  towns  in  England  have  of  late  years  resorted 
to  this  as  the  best  plan.  Manchester,  with  a  population  of 
400,000,  is  supplied,  nrom  a  distance  of  sixteen  miles,  by  a  re- 
servoir about  18,000  acres  in  extent ;  Newcastle-on-Tyne  (popu- 
lation 120,000)  by  about  4000  acres,  twelve  miles  off;  ftlton 
(60,000)  by  500  acres,  four  miles  distant ;  and  arrangements  are 
being  made  to  supply  the  400,000  inhabitants  of  Liverpool  by 
reservoirs  occupying  10,400  acres,  at  a  distance  of  twenty-six 
miles  from  the  town.  In  all  these  cases  the  water  is  pure,  and 
can  be  supplied  with  great  advantage  in  sufficient  quantities.  The 
rain  is  collected  over  a  certain  area  by  intercepting  all  the  streams 
that  would  otherwise  convey  it  away  to  a  lower  level ;  but  to  do 
this  effectually,  it  is  absolutely  necessary  that  the  rock  beneath 
the  reservoir  should  retain  the  water,  and  not  contain  any  inju- 
rious minerals.  To  determine  this,  not  merely  a  surface  survey  is 
necessary,  but  a  geological  survey  to  learn  the  nature  of  the  beds, 
their  dip,  and  the  outlet,  if  any,  of  such  as  are  permeable,  and 
also  the  presence  or  absence  of  faults  which  might  unmediately,  or 
ultimately,  drain  off  the  water  intended  to  be  stored. 

925.  Absolutely  pure  water  is  not  to  be  obtained  in  nature ; 
and  fortunately  it  is  not  essential  nor  even  desirable  for  the 
purposes  of  animal  and  vegetable  life.  In  ordinary  cases, 
rain-water  contains  ammonia,  and  in  or  near  towns  is  always 
tainted  with  various  impurities,  introduced  into  the  atmosphere 
where  large  numbers  of  himian  beings  and  animals  are  collected 
together,  and  especially  where  household  fires,  and  manufactories 
of  various  kinds  involve  the  combustion  of  very  large  quantities  of 
mineral  fuel.  Spring  water  contains  numerous  mineral  substances, 
chiefly  salts  and  gases,  obtained  from  the  rocks  passed  through  ,• 
and  as  water  is  an  almost  universal  solvent,  the  variety  of  these  is 
very  great.  In  ordinary  cases,  the  salts  of  lime  and  soda  are 
chiefly  abundant ;  but  salts  of  potash  and  magnesia  are  also  com- 
mon. The  salts  include  chlorides,  carbonates,  sulphates,  and  phos- 
phates. Iron,  silica,  and  very  small  quantities  of  organic  matter 
are  occasionally  found. 

926.  Eiver  water  contains,  in  addition  to  the  various  substances 
obtained  from  springs,  and  from  the  rocks  over  which  the  stream 
passes,  a  quantity  of  organic  matter,  both  of  animal  and  vegetable 
origin,  which  in  the  neighbourhood  of  large  towns  usually  includea 
much  sewage  matter. 

It  might  be  supposed,  and  has  often  been  stated,  that  where 
this  deposit  is  constantly  stirred  up  by  the  periodical  passage  of 
the  tidal  wave,  the  water  cannot  be  m  any  other  than  an  unwhole- 
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some  state,  and  unfit  for  general  use.  There  are,  however,  causes 
at  work  tending  to  purify  the  water  by  simple  exposure.  The  de- 
composing animal  and  vegetable  matter  is  rapidly  removed  fi*om  a 
mischievous  condition,  partly  by  aeration,  and  partly  by  those 
myriads  of  animalcules  which  are  often  spoken  of  as  being  them- 
selves impurities,  but  which  really  collect  the  offensive  particles 
and  re-introduce  them  into  the  realms  .of  life.  River  water  is 
freed  from  its  impurities,  even  of  the  worst  kind,  in  a  wonderfully 
brief  space  of  time,  and,  with  the  aid  of  a  little  filtration,  it  is 
admirably  adapted  for  household  use.  Spring  water  is  generally 
the  purest  as  far  as  regards  admixture  with  organic  ma^er ;  but 
on  tne  whole,  and  for  most  economic  purposes,  the  best  water  is 
that  obtained  from  mountainous  or  hillv  districts,  where  there  is 
abundant  rain-fall,  and  where  the  rain  is  collected  on  a  surface  of 
hard  rock  containing  little  limestone  and  no  other  soluble  mineral. 

927.  The  quality  of  water  is  much  affected  by  the  rocks  through 
which  it  passes,  although  it  is  not  always  safe  to  conclude  what 
the  result  will  be  without  actual  investigation.  Thus  water  ob- 
tained from  surface  deposits  is  almost  sure  to  contain  in  solution 
some  of  those  organic  substances  which  in  cultivated  land  must 
always  abound,  and  which  are  usually  carried  down  to  some  little 
distance  by  the  descending  supply  of  rain ;  water  from  irony  rocks, 
whether  sand  or  otherwise,  being  generally  chalybeate,  and  that 
from  calcareous  rocks  holding  carbonate  and  other  salts  of  Hme  in 
solution.  But  when  we  examine  the  analyses  of  different  rocks, 
as  given  in  previous  tables,  there  wiU  be  found  also  a  number  of 
other  ingredients,  as  salts  of  soda,  potadh,  magnesia,  and  bther 
substances,  and  these  will  also  be  taken  up,  while  the  very  action 
of  water  and  the  decompositions  otherwise  going  on,  produce  sul- 
phuric acid  and  thus  again  act  upon  the  containing  rock,  or  alter 
combinations  already  in  solution  in  the  water.  Thus  it  results, 
that  in  all  wells,  however  the  water  is  obtained,  there  will  generally 
be  found  a  certain  proportion  of  saline  and  other  ingredients, 
although  the  actual  quantity  is  frequently  less  in  amount  in  deep 
than  in  shallow  wells  in  the  same  locality.  The  nature  of  the  im- 
purity is  often  very  different  from  what  might  be  anticipated  in 
the  case  of  water  obtained  from  great  depths. 

928.  It  appears  from  a  paper  by  Professor  Brande,  in  the  Quarterly  Journal 
of  the  Chemical  Society,  vol.  ii.  p.  345,  that  a  well  was  sunk  426  feet  deep,  into 
202  feet  of  chalk  to  supply  the  Mint.  This  well  was  completed  1st  of  January, 
1847.  The  water  rises  to  within  80  feet  of  the  sur&ce,  and  about  45,000  gallons 
per  day  are  obtained ;  the  level  being  then  reduced  by  this  amount  of  exhaustion 
to  about  100  feet  from  the  surface. 

Before  the  water  was  obtained  from  the  chalk  it  yielded  44  grains  of  dry 
saline  matter  in  the  gallon  of  water.  Since  the  well  was  finished  the  quantity  is 
only  37-8  grains :-— S.  Gt.  at  55°==  1000*70.  The  following  table  will  show  the 
contents  of  this  and  two  other  deep  chalk  wells  : — 
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Chloride  of  sodium  .... 

Carbonate  of  soda 

Sulphate  of  soda  

Sulphate  of  potash    . . . . 

Carbonate  of  lime 

Carbonate  of  magnesia. 
Phosphate  of  lime  . . . . 
Phosphate  of  soda    . . . . 

Phosphoric  acid    

Silica 

Organic  matter 

Iron  


Tnilalgmr 

Square. 

805  ft. 

of  chalk. 


20*058 
18049 
8-749 
13-671 
3-255 
2-254 
0034 
0-291 


Mint. 

aosft. 

(tf  chalk. 


Total  grains  per  imp.  gallon. . . 


0-971 
0-908 


10-53 

8-63 

1314 

3-60 
1-50 


Trace 
0-60 
Trace 
Trace 


Camden 
Town. 
166  ft 

of  chalk. 


11-10 
17-60 
1300 


68-240 


37-80 


Trace 
2-30 


i 


44-00 


929.  Mr.  Brande  thinks  chalk  water  generally  more  pure  than  that  obtained 
nearer  the  surface  in  wells  in  the  London  Basin,  and  he  states  that  it  contains 
a  smaller  proportion  of  solid  ingredients.  He  gives  a  list,  showing  the  soUd 
contents  of  yarious  waters  fi^>m  several  localities  and  depths,  of  which  the  fol- 
lowing is  a  selection  : — 

SUBPAOB  WaTBBS. 


» 


Gr.  per  imp.  gal. 

NewBiyer 1920 

BiyerColne   21*30 

BiyerLea  23*70 


Gr.  per  imp.  gal. 

Thames  at  Teddington 17*40 

Brentford    19*20 

Westminster  24*40 

Greenwich  27*90 

Deep  Welib. 

Gr.  per  imp.  gal. 
Combe  and  Delafield*s  brewery   56'80 


Gr.  per  imp.  gal. 
Artesian  well  at  Grenelle  1794  ft.   9-86 


BoyalMint   426ft.  37*80 

Hampstead  waterworks  450  ft.  40* 

Apothecaries'  Hall 45* 

GK>ding*s  brewery,  Lambeth 50* 


Berkeley  Square    60* 

NottingHiU 60- 

Tra&lgar  Square  510ft.  68*24 

Tilbury  Fort 75* 


A  few  shallow  wells  contam  105  to  115  grains — among  these  aie  some  from 
near  churchyards. 

930.  It  is  necessajy  to  pay  attention  in  well-sinking  to  the 
beds  passed  through ;  as  these,  though  by  no  means  the  same  in 
the  same  district,  yet  resemble  each  other  so  &r,  that  a  knowledge 
of  the  facts  will  be  always  useful.  Subjoined  is  a  copy  of  the 
sinkings  for  two  Artesian  wells— one  through  the  London  clay 
into  the  chalk  in  the  middle  of  London,  and  the  other  through  the 
whole  series  of  Tertiary  beds  and  chalk  series  in  Paris.  Both  were 
successful,  and  to  nearly  the  same  extent ;  the  quantity  of  water 
obtained  amounting  in  each  to  between  300  and  400  gallons  per 
linute,  although  at  Paris  the  water  rises  to  and  is  delivered  at 


SINKINGS  OF  ABTESIAN  WELLS. 


^459 


the  surface,  whereas  in  London  it  is  pumped  from  a  considerable 
depth.  The  last  500  feet  in  the  Paris  boring  is  6  inches  in 
diameter  diminishing  from  about  1  foot.  The  wells  in  Trafalgar 
Square  commenced  the  one  at  6  feet,  and  the  other  at  4  feet  6 
inches,  were  diminished  at  170  feet  down,  and  at  800  feet  were 
only  continued  by  small  bores. 

Smkings  in  the  Artesian  Wells  at  Trafalgar  Square  and  Orenelle, 


TBAPALGAB  SQTJABE,  LONBON. 

Feet. 

Made  ground    15 

Grayeljshiftmggrayelandsand      10 

Lower  Teetiabt  deposits. 

LoimON  CLAY 145' 

Thin  layer  of  sheUs. 

Plastic  clay 30^220 

G^ravel,  &c 10 

Greenish  sand 35^ 


GBEITELLE,  FABIS. 


Feet. 


13 


.   167 


Chalk, 


265 


Total  feet    510 


Gh»vel  and  sand 

LowEB  Tebtiaby  deposits. 
Cockle  shells. 

Quartzoze  sand  with  fine  par- 
ticles of  iron  pyrites, 
Fine  sand. 
Argillaceous  sand. 
Mottled  clay. 
Sand  and  clay  lime  nodules. 

Chale:  Sebies. 
White  chalk  with  flints. 
White  chalk  with  heds  of  car- 

honate  of   magnesia  and 

small  flints. 
Gl-rey  chalk  with  silex. 
Grey  chalk  without  silex.       i  ij.ru 
Green  chalk  and  silicate  of  i 

iron. 
Blue  argillaceous  chalk. 
Blue  argillaceous  and  sandy 

chalk  with  particles  of  mica 

and  veins  of  green  chalk. 

Uppeb  Gbeensaitd  Sebies.     ' 
day  with  iron  pyrites,  phos- 
phate of  lime  and  fossils. 
Green  sand, 
day  and  greenish  sand  with 

quartz  grains. 
Argillaceous  sand. 
Gi«en  and  white  sand. 

Total  feet'  1794 


160 


4.  On  UartJiy  Minerals  used  in  Construction, 

931.  The  department  of  Practical  Geology  on  "which  we  are  now 
entering  has  already  been  the  subject  of  some  notice  in  previous 
chapters  where  the  composition  and  structure  of  various  kinds  of 
rocks  have  been  described.  Thus  the  different  kinds  of  clay  used 
in  pottery  and  other  similar  purposes,  and  in  brick-making — the 

x2 
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Blates — ^the  yarious  limestones,  magnesian  limestones,  and  sand- 
stones commonly  used  as  building  materials,  and  the  marbles, 
porphyries  and  other  ornamental  stones ; — ^all  belong  to  this 
chapter. 

932.  Clays  vary  much  in  value  and  are  required  for  very  differ^ 
ent  purposes,  so  that  we  have  brick-^clays,  fire-clays,  pipe-clay,  por- 
celain-ciay.  Fuller' s-earth,  and  various  kinds  of  slate.  Analyses 
of  several  of  these  will  be  found  in  §  359. 

Of  the  various  materials  used  in  construction  there  are  two 
kinds  extremely  distinct,  the  plastic  and  the  solid.  The  most  im- 
portant of  the  former  kind  is  clay,  whether  of  the  common  kind 
for  ordinary  purposes,  or  adapted  to  resist  a  very  high  tempera- 
ture. The  various  cements  used  either  to  connect  solid  material 
or  for  direct  constructive  purposes,  come  next  in  interest. 

933.  Among  plastic  materials.  Brick  clay^  of  the  better  kind, 
consists  of  a  tolerably  pure  silicate  of  alumina,  combined  with 
sand  in  various  proportions,  and  free  from  lime  and  other  alkaline 
ingredients,  of  which  there  ought  not  to  be  more  than  two  per 
cent.  The  relative  per-centages  of  silica  and  alumina  do  not  seem 
extremely  important ;  and  there  is  always  a  variable  proportion  of 
water  present,  which  is  also  of  little  consequence.     It  is  clear  that 

use,  the  clay  must  be  tolerably  free  from  large  stones  and 
coarse  particles ;  and,  as  the  principal  process  of  manufacture 
before  burning  consists  in  mixmg  the  clay  with  water  and  sand, 
or  ashes,  to  a  imiform  consistency,  anything  that  would  interfere 
with  this  process  is  injurious. 

A  certain  proportion  of  iron  is  commonly  present ;  and  this, 
when  the  brick  is  burnt,  usually  passes  into  the  state  of  peroxide 
and  gives  the  brick  a  dark  red  colour.  Too  large  a  quantity  of 
iron  renders  the  brick  liable  to  run  into  glass  in  the  kiln.  The 
annual  consumption  of  bricks  is  very  large.  In  this  countiy  it 
amounts  to  twelve  hundred  miUions,  and  the  clays  are  obtained 
from  various  geological  formations.  Nearly  a  hundred  millions  of 
bricks  and  tiles  are  manufactured  annually  at  one  establishment 
(M.  Miesbach's)  at  Vienna. 

934.  Mre  days, — These  owe  their  peculiar  properties  to  the 
almost  entire  absence  of  alkaline  earths,  and  of  any  such  quantity 
of  iron  oxide  that  it  can  serve  as  a  flux.  Many  excellent  clays 
of  this  kind  are  found  in  the  coal  formation,  both  in  the  British 
Islands  and  abroad.  The  best  are  those  of  Stourbridge  (Worces- 
tershire), some  near  Newcastle-on-Tyne,  and  some  near  Glasgow ; 
others  of  good  quality  are  obtained  in  Belgium  and  France.  The 
Stourbridge  clay  is  found  in  a  bed  about  four  feet  thick,  and 
consists,  accordmg  to  an  old  analysis  by  Berthier,  of  63*70  per 
cent,  silica,  22*70  alumina,  and  2  oxide  of  iron,  the  rest  being 
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water*.  One  of  the  clays  much  approved  of  in  Scotland  contains 
65'20  silica,  33*41  alumina,  '32  lime,  '13  magnesia,  '49  iron  oxide, 
and  '45  of  various  phosphates.  All  the  fire-clays  are  greatly  im- 
proved by  exposure  to  weather  before  use.  In  some  cases  this  is 
continued  for  years. 

935«  Porcelain  clays  are  of  various  kinds;  but  the  best  are 
derived  from  the  decomposition  of  the  felspathic  portion  of  granite, 
and  consist  of  nearly  pure  silicate  of  alumina  (silica  60,  alumma40). 
Very  large  quantities  are  obtained  in  Cornwall  and  Devonshire — 
Xiearly  10,000  tons  of  the  finest,  and  about  three  times  as  much 
of  the  commoner  kinds,  being  annually  exported  to  our  own  pot- 
teries in  the  North  Staffordshire  coal-field. 

The  manufacture  of  porcelain  and  pottery  is  an  art  that  does 
not  properly  come  under  consideration  in  the  present  treatise ; 
and  it  is  only  necessary  to  observe  here  that  there  are  no  known 
sources  of  supply  of  the  raw  material  of  the  better  kind,  except 
those  which  may  be  traced  to  the  decomposition  of  granite. 

936,  A  material  called  Bath  brick,  used  for  cleaning  and  polish*', 
ing  metal  goods,  &c.,  is  manufactured  at  Bridgewater,  from  a  tidal 
deposit  of  fine  siliceous  sand  and  clay,  deposited  in  the  small  river 
Parret  in  Somersetshire,  at  the  junction  of  fresh  and  salt  water. 
The  peculiar  properties  of  this  material  are  probably  owing  to  the 
siliceous  cases  of  infusorial  animalcules  destroyea  by  the  salt 
tidal  water  where  it  meets  the  fresh  water  of  the  river. 

937.  Cements. — These  are  of  various  kinds,  extremely  distinct, 
and  having  different  bases.  The  one  kind,  depending  for  its  pecu-r 
liar  properties  on  sulphate  of  lime,  with  which  it  is  made,  may  be 
conveniently  designated  as  plasters ;  the  other,  in  which  carbonate 
of  lime  is  the  essential  combining  substance,  includes  mortar  and 
hydraulic  limes,  and  for  these  the  name  cement  may  be  adopted. 

The  commonest  of  all  cements  used  to  attach  bricks  to  each 
other  is  called  mortar,  and  is  prepared  by  first  making  quicklime 
(which  is  done  by  calcining  chalk  or  limestone  in  a  kUn  until  it 
becomes  decomposed,  parting  with  its  carbonic  acid  gas,  and  pass- 
ing into  the  state  of  a  white  or  grey  powdery  materia,  greedily 
absorbing  water  with  the  evolution  of  much  heat),  and  then  ma- 
king a  paste  by  mixing  the  quicklime  with  sufficient  water,  and 
about  two  or  tlojcee  times  its  own  weight  of  sharp  sand  or  graveL 
This  mixture  dries  slowly,  but  when  dry  becomes  extremely  hard, 
and  firmly  attaches  itself  to  the  foreign  substances  in  contact  with 
which  it  IS  placed.  When  a  layer  of  it  is  placed  between  bricks 
or  stone,  it  cements  them  together. 

*  ADalyses  of  clays  must  necessarily  be  mere  approximations,  as  the  ouality  of  the  clay  differs 
much  in  different  samples,  even  when  carefully  prepared.  It  must  also  be  remembered  that,  till 
very  recently,  the  alkaline  earths,  and  many  other  substances,  were  not  determinable  by  ordinary 
analysis,  toad  frequently  escaped  notice. 
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938.  It  is  often  desirable  to  obtain  a  cement  that  shall  dry 
more  rapidlj  than  common  mortar,  and  under  less  favourable  cir- 
cumstances for  drying ;  and  it  is  found  that  when  a  certain  pro- 

Eortion  of  clay  has  been  present,  mixed  with  the  limestone  before 
uming  (whether  natiuully  or  by  preparation),  and  the  calcina- 
tion is  carefully  conducted,  not  being  carried  too  &r,  the  resulting 
lime,  when  mixed  with  a  proper  quandty  of  water,  sets  rapidly  in 
a  damp  atmosphere,  and  even  under  water.  Such  a  limestone  is 
found  in  the  lias,  in  the  London  clay,  and  in  various  other  rocks  ^ 
and  the  residtin^  lime  is  called  hy&raulic  lime  or  hydraulic  cement. 
The  simplest  and  strongest  of  such  cements  is  obtained  when  firom- 
10  to  25  per  cent,  of  the  stone  consists  of  silicate  of  alumina,  and 
the  rest  is  carbonate  of  lime.  The  larger  the  proportion  of  clay 
in  the  stone  cateris  paribus,  the  more  rapidly  the  cement  becomes 
solid,  the  hardening  being  complete  in  two  or  three  days  when 
the  proportioi^  amounts  to  25  per  cent.,  and  taking  three  weeks 
when  only  10  per  cent.  Much  depends  (especially  iq  artificial 
admixtures)  on  the  minute  division  and  perfect  admixture  of  the 
foreign  particles. 

The  ^Jid  of  cement  known  as  Soman,  or  JParker^s,  is  made  from 
nodules  of  calcareous  matter  obtained  from  the  beds  of  the  London 
clay  at  Sheppey  and  Harwich,  from  the  Oxford  and  Kimmeiidge 
clays  near  W  eymouth,  from  the  lias  of  Whitby,  or  from  similar 
deposits  elsewhere.  In  all  these  cases  the  adnuxture  of  clay  with 
the  carbonate  of  lime  is  natural,  and  varies  considerably  in  differ- 
ent samples.  Medina,  Atkinson^s,  and  Mulgrave,  are  names  given 
to  cements  of  this  kind,  with  no  essential  difference. 

939.  Forthmd  Cement  is  made  from  carbonate  of  lime,  mixed  with 
great  care,  ia  definite  proportions,  with  the  muddy  deposits  of  rivers 
running  over  clay  and  chalk.  The  whole  of  the  materials  are 
carefully  pounded  together  under  water,  and  are  afterwards  dried 
and  burnt.  From  various  experiments,  it  appears  that  when  well 
made,  in  good  condition,- and  properly  used,  the  value  of  Portland 
cement  is  much  greater  than  that  of  the  natural  kinds  (Eoman) ; 
but  in  practice  on  a  large  scale,  different  casks,  even  from  the 
same  maker  and  made  at  the  same  time,  vary  so  much,  that  it  is 
not  safe  to  trust  it  to  a  much  greater  strain  than  would  be  given 
to  Soman*.  It  is  not  unusual,  in  making  use  of  these  cements 
as  artificial  stones,  to  introduce  large  quantities  of  broken  stone 
and  brick,  thus  making  the  material  a  kind  of  concrete.  Port- 
land cement  makes  an  admirable  concrete  when  mixed  with  about 
ten  or  twelve  times  its  weight  of  broken  stones  or  pebbles.    The 

*  Good  Roman  eement  will  bear  a  ttrain  of  nearly  60  lbs.  to  the  aquare  inch,  but  aome  apecunena 
will  break  witii  SO  Iba.  Good  Portland  appeara  to  bear  more  than  twice  the  strain  of  gooaRomaa. 
The  measure  of  the  strength  is  the  weight  that  will  drag  asunder  two  bricks  or  slabs  cemented 
together  by  the  different  cements  tried. 
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i^une  Portland  is  given  &om  the  slight  resemblance  in  colour 
shown  by  this  cement  to  the  stone  so  caUed.  The  colour  of 
Boman  cement,  on  the  other  hand,  is  nearly  brown,  sometimes 
dark  brown. 

940.  ^Uuters, — Gypsum  or  alabaster  (sulphate  of  lime)  when 
calcined  is  not  decomposed  (as  common  limestone  is,  by  parting 
with  its  carbonic  acid),  but  simply  loses  its  water  of  soHdiiication. 
It  is  then  reduced  to  a  white  powder ;  and  when  this  is  again 
mixed  with  water,  a  certain  portion  is  absorbed,  a  partial  crystal- 
lization takes  place,  and  the  mass  becomes  once  more  solid,  though 
not  so  hard  as  before.  The  powder  is  called  Plaster  of  Paris. 
When  mixed  with  thin  glue  instead  of  pure  water,  it  forms  stttcco ; 
and  both  as  common  plaster  and  stucco  it  enters  largely  into  use 
for  various  purposes. 

If,  instead  of  being  used  with  water,  plaster  of  Paris  in  fine 
powder  is  thrown  into  a  vessel  containing  a  saturated  solution  of 
alum,  borax,  or  sulphate  of  potash,  and  after  soaking  for  some 
time  is  taken  out,  re-baked,  once  more  reduced  to  powder,  and 
then  moistened  with  a  solution  of  alum,  instead  of  pure  water, 
before  use,  a  hard  plaster  is  obtained,  kiiown  by  various  names, 
but  essentially  of  the  same  nature.  This  is  now  much  used  in  the 
interior  of  houises,  and  takes  a  fuie  polish.  Keene^s  cement  is  made 
with  alum,  Parian  with  borax,  and  Martin's  with  pearlash. 

Most  of  the  gypsum  used  in  England  for  plaster  of  Paris  is 
obtained  from  Derbyshire,  Nottinghamshire,  and  Cumberland, 
chiefly  from  the  New  red  sandstone  and  beds  of  the  Oolitic  period. 
A  small  admixture  of  impurity,  whether  lime  or  silica,  appears  not 
to  be  injurious. 

941.  Artificial  stones. — ^An  admirable  and  use&l  artiflcial  stone 
is  made  at  Ipswich,  under  a  patent  taken  out  by  Mr.  Frederick 
Bansome,  and  is  now  entering  largely  into  use  for  flltering-slabs, 
chimney-pieces,  vases,  tombstones,  and  decorative  architectural 
work  01  all  kinds.  It  consists  of  sand  moulded  with  a  fluid  silicate 
of  potash,  and  afterwards  baked  in  a  kiln.  The  fluid  silicate  is  ob- 
tained by  exposing  flints  to  the  action  of  caustic  alkali  in  a  steam- 
boiler  at  a  high  temperature.  The  subsequent  burning  changes 
the  fluid  silicate  into  a  glass ;  so  that  the  goods,  when  completed, 
consist  of  nothing  more  than  the  particles  of  sand  cemented 
together  by  this  glass,  and  are  altogether  unchangeable  by  ordinary 
exposure  to  damp  and  frost. 

The  other  artiflcial  stones  in  common  use  are  composed  of  fire- 
clays of  various  kinds,  and  are  more  properly  called  terra  cottas. 
They  all  contract  greatly  in  burning,  and  in  this  respect  are  far 
inferior  to  Eansome's  stone,  above  described,  whicn,  from  its 
nature,  suffers  no  contraction,  and  scarcely  any  alteration  of  form 
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in  the  kiln.  The  best  terra  cottas  (kiln  burnt)  are  made  in  France, 
and  the  manufacture  has  there  attained  a  high  state  of  perfection. 
Yarious  attempts  in  England  have  met  with  partial  success;  the 
unequal  contraction  of  the  material  being  a  difficulty  rarely  sur* 
mounted.  The  best  clays  use4  for  this  purpose  are  the  purest 
kinds  of  fire-clay. 

.  942.  Limestones. — Among  the  solid  materials  the  limestones 
are  chief  in  importance.  The  kind  most  usually  employed  in  im- 
portant constructions  in  the  South  of  England  is  Portland ;  in  the 
Midland  and  Eastern  counties  the  varieties  from  Northamptonshire; 
and  in  the  West  those  from  Bath  and  the  neighbourhood.  The 
use  of  the  magnesian  limestones  has  been  chiefly  limited  to  the 
north  of  Derbyshire  and  Nottinghamshire  and  the  south  of  York-' 
shire,  where  such  beds  offer  the  cheapest  and  best  materiaL  A 
method  adopted  by  M.  Brard  to  determine  the  relative  value  of 
various  stones  as  building  material  is  especially  adapted  to  the  case 
of  Oolites  and  other  calcareous  rocks  in  the  middle  of  England*^ 
It  cannot  be  applied  with  any  certainty  to  other  rocks. 

•  943.  The  object  of  this  process  is  to  discover  in  a  short  time  the  relative 
resistance  offered  by  different  kinds  of  stone  to  the  action  of  damp  and  frost, 
and  therefore  to  determine  the  durability  of  stones  with  reference  to  exposure. 
Its  accuracy  was  determined  by  a  number  of  experiments  made  in  different  parta 
of  France  and  Switzerland,  and  by  different  persons,  and  reports  to  this  effect 
were  published  in  the  *' Annales  de  Ohimie"  for  1828,  vol.  xxxriii. 

The  following  is  an  abstract  of  the  method  recommended  to  be  employed ; — 

1.  Several  specimens  should  be  selected  from  a  block  of  stone  to  be  tried,' 
taking,  for  instance,  those  which  present  differences  of  colour,  grain,  or  general 
appearance. 

2.  These  fragments  should  be  cut  into  two-inch  cubes,  with  sharp  edges,  and 
each  marked  carefully,  so  that  the  part  of  the  block  from  which  they  came  may 
be  referred  to. 

3.  There  must  next  be  prepared  a  saturated  solution  of  Glauber's  salts  (sul- 
phate of  soda),  the  solution  being  made  with  cold  water,  and  a  quantity  of  <^e 
salt  left  for  an  hour  or  two  at  the  bottom,  after  as  much  has  been  taken  up  as 
the  water  will  at  first  absorb.  (It  will  be  found  that  a  quart  of  water  absorbs 
more  than  a  pound  of  this  salt  at  ordinary  temperatures.)  The  saturated  solu- 
tion is  then  to  be  boiled,  and  the  cubes  prepared  are  to  be  plunged  into  the 
vessel  in  which  the  solution  is  boiling  violently,  care  being  taken  tbEtt  each  one 
of  the  cubes  is  completely  submerged.  The  boiling  is  then  to  be  kept  up,  and 
the  stones  retained  in  the  boiling  liquid  for  half-an-hour  exactly.  If  a  longer 
period  elapse,  the  effects  produced  exceed  those  of  ordinary  atmospheric  action 
and  frost. 

4.  When  the  boiling  is  completed,  the  specimens  are  to  be  withdrawn  sue- 
oessively,  each  being  suspended  from  a  string,  taking  care  that  it  touches  nothing 
else,  and  is  completely  isolated.  Beneath  each  there  is  to  be  placed  a  vessel  full 
of  a  quantity  of  the  solution  in  which  it  has  been  boiled,  care  being  taken  that 
it  contains  no  fragments  of  the  stone  detached  during  the  boiling. 

5.  If  the  weather  is  not  too  wet  or  too  cold,  it  will  be  found  that  the  surface 
of  the  stones,  four-and-twenty  hours  after  they  have  been  suspended,  are  covered 
with  small  white,  acicular  crystals  of  fialt»    When  these  appear,  the  cubes  ar& 
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to  be  plunged  into  the  reseel  below  them,  to  get  rid  of  the  efflorescences ;  and 
thi/i  is  to  be  done  repeatedly,  as  often  as  ciyst^  of  salts  are  thrown  out  during 
the  experiment. 

6.  If  the  stone  resist  the  decomposing  action  of  damp  and  frost,  the  salt  does 
not  force  out  any  portions  of  the  stone  with  it,  and  neither  grains,  laminae, 
nor  other  fragments  of  the  stone  are  found  in  the  yessel.  If,  on  the  other 
hand,  the  stone  yield  to  this  action,  small  fragments  will  be  perceiyed  to  sepa* 
rate  tiiemaelTes,  detached  even  fr^m  the  first  appearance  of  the  salt,  and  the 
cube  will  soon  lose  its  angles  and  sharp  edges.  The  portions  thus  detached  are 
preserved  at  the  bottom  of  the  yessel  oyer  which  tne  cube  is  suspended,  and 
their  weight  may  be  determined  at  the  completion  of  the  experiment. 

7.  The  duration  of  the  experiment,  as  recommended  by  M.  Brard,  should  be 
Ibur  days,  and  at  the  end  of  that  time  the  particles  detached  must  be  carefully 
weighed.  The  result  is  an  index  of  the  amount  of  disintegration  suffered  by 
the  stone,  and  may  be  compared  with  similar  results  fr^m  other  stones. 

944.  With  respect  to  the  decomposition  of  stones  employed 
for  biulding  purposes,  it  is  greatly  influenced,  as  well  by  the  che- 
mical and  mechanical  composition  of  the  stone  itself  and  by  the 
nature  of  the  aggregation  of  its  component  parts,  as  by  the  circum* 
stances  of  exposure.  The  Oolitic  limestones  will  thus  suffer  un- 
equal decomposition,  unless  the  Httle  egg-shaped  particles,  and 
the  cement  with  which  they  are  united,  be  equally  coherent,  and 
of  the  same  chemical  composition.  The  shelly  limestones,  being 
chiefly  formed  of  fragments  of  shells,  which  are  usually  crystalline 
and  cemented  by  a  calcareous  paste,  are  unequal  in  their  rate 
of  decomposition,  because  the  crystalline  parts  offer  the  greatest 
resistance  to  the  decomposing  effects  of  the  atmosphere.  These 
sheUy  limestones  have  tiso,  generally,  a  coarse  laminated  struc- 
ture, parallel  to  the  plane  of  stratification,  and,  like  sandstones 
formed  in  the  same  way,  they  decompose  rapidly  when  used  as 
flags,  where  their  plane  surfaces  are  exposed;  but  if  their  edges 
only  are  laid  bare,  they  will  last  for  a  long  period. 

945.  Sandstones,  from  the  mode  of  tneir  formation,  are  fre- 
quently laminated,  and  more  especially  so  when  micaceous ;  the 
plates  of  mica  being  generally  deposited  in  planes  parallel  to  the 
beds.  Hence,  if  such  a  sandstone,  or  shelly  laminated  limestone, 
be  placed  in  a  building  with  the  planes  of  lamination  in  a  vertical 
position,  it  will  decompose  in  flj^es,  more  or  less  rapidly,  accord- 
ing to  the  thickness  of  the  laminae ;  whereas,  if  placed  so  that  the 
planes  of  lamination  are  horizontal,  that  is,  as  in  its  natural 
Bed,  the  edges  only  being  exposed,  the  amount  of  decomposition 
win  be  altogether  immaterial.  The  sandstones  being  composed 
of  quartzose  or  siliceous  grains  comparatively  indestructible,  they 
are  more  or  less  durable  according  to  the  nature  of  the  cement- 
ing substance;  while,  on  the  other  hand,  the  limestones  and 
magnesian  limestones  are  durable  in  proportion  rather  to  the 
extent  in  which  they  are  crystalline ;  those  which  partake  least  of 
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the  crystalline  character  guffering  most  firom  exposure  to  atmo^ 
spheric  influences. 

946.  The  chemical  action  of  the  atmosphere  produees  a  change 
in  the  entire  matter  of  limestones,  and  in  the  cementing  sub- 
stance of  sandstones,  according  to  the  amount  of  surface  ex- 
posed. The  mechanical  action  due  to  atmospheric  causes,  occa- 
sions either  a  removal  or  a  disruption  of  the  exposed  particles ; 
the  former  by  means  of  powerful  winds  and  driving  rains,  and  the 
latter  by  the  congelation  of  water  forced  into,  or  absorbed  by,  the 
external  portions  of  the  stone.  These  effects  are  reciprocal,  che- 
mical action  rendering  the  stone  liable  to  be  more  easily  affected 
by  mechanical  action,  which  latter,  by  constantly  presenting  new 
surfaces,  accelerates  the  disintegrating  effects  of  the  former. 

947.  On  the  whole,  it  would  appear  that,  where  there  are  no 
local  reasons  to  the  contrary,  preference  should  be  given  to  lime- 
stones over  sandstones  for  public  buildings  intended  to  be  handed 
down  to  future  ages ;  and  this  on  account  of  their  more  general 
uniformity  of  trat,  their  comparatively  homogeneous  structure^ 
and  the  facility  and  economy  of  their  conversion  to  building 
purposes.  Amongst  the  limestones,  those  which  are  most  crystal- 
line are  to  be  preferred ;  and  some  of  the  magnesian  lunestones 
seem  to  offer  the  greatest  advantages  of  durability,  uniformily  of 
structure,  beauty  of  appearance,  and  fiacility  of  conversion ;  but 
it  should  be  clearly  understood,  that  many  other  limestones,  and 
many  sandstones,  also  form  admirable  building-stones ;  and  these 
are  so  distributed  through  the  country,  that  there  is  no  excuse  for 
architects  and  engineers  who  neglect  to  examine  carefully  into  the 
relative  durability  and  excellence  of  the  stone  to  be  employed. 

948.  It  might  easily  be  shown,  that  if  more  attention  had  been 
paid  to  the  qualities  of  stone,  the  frequent  decay  observable  in 
many  buildings,  erected  even  withra  a  few  years,  might  have  been 
avoided  at  comparatively  small  cost,  and  we  should  find  fewer  of 
our  public  edifices  losing  all  traces  of  the  finer  work  of  their  ori- 
ginal structure.  So  long,  however,  as  the  opinion  and  judgment 
of  the  mason  is  allowed  to  decide  on  the  stone  to  be  used,  so  long 
wiU  this  result  take  place,  for  "  the  mason  almost  always  judges 
by  the  freedom  with  which  a  stone  works, — ^no  doubt  an  im- 
portant element  in  the  cost  of  a  building,  but  certainly  one 
which  should  not  be  permitted  to  weigh  heavier  in  the  scale  than 
durability*." 

949.  Slates  and  slate  slabs  are  argillaceous  rocks  in  a  peculiar 
mechanical  condition,  possessed  of  the  property  of  cleavage,  or 
splitting  in  some  one  direction  quite  independently  of  the  ori- 
gmal  bedding.     Other  slabs  and  flagstones  are  usually  siliceous 

*  De  la  Beche's  Report,  p.  486. 
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i*ock,  combined  with  more  or  less  argillaceous  or  calcareous  matter, 
and  splitting  into  tabular  masses  of  various  size  and  thickness 
in  the  original  planes  of  bedding  or  stratification.  The  best  slates 
are  obtained  firom  various  parts  of  North  Wales,  near  the  coast ; 
from  Delabole,  Tintagel,  and  elsewhere  on  the  north  coast  of 
Cornwall ;  from  various  parts  of  Cumberland ;  and  from  the  west 
coast  of  Scotland,  generally  fromt)  quarries  of  great  magnitude. 
The  best  slate  slabs  are  from  Wales.  The  finest  slabs  and  fiag* 
stones  (not  argillaceous)  are  fi^m  Yorkshire  and  Caithness ;  but 
some  of  the  Portland  stones  (limestones)  of  the  best  qualiiy  are 
preferred  for  internal  use,  as  for  steps  and  landings.  Excellent 
foreign  slates  are  obtained  iq  France,  chiefly  from  near  Angers, 
and  in  Brittany;  in  Belgium  from  the  Ardennes ;  in  Western  Ger- 
many from  the  Duchy  of  Nassau,  and  iq  the  east  of  Europe  from 
other  places.     Slates  and  slabs  are  also  found  in  America. 

950.  It  is  not  usually  the  case  to  find  slates  and  slabs  in  good 
condition  near  the  surface,  where  long  exposure  to  the  weather  has 
usually  disintegrated,  and  even  destroyed  the  texture,  and  often, 
by  partial  hardening,  obliterated  or  obscured  the  cleavage.  As  it 
is,  however,  entirely  from  the  superficial  rock  and  its  geological 
condition  that  a  judgment  must  be  formed,  a  certain  amount  of 
experience,  combined  with  a  knowledge  of  the  material,  enable 
the  geologist  to  judge  well  of  the  chance  of  a  valuable  quarry. 
Uniformity  of  texture  and  condition  of  the  rock  for  considerable 
distances,  the  nature  and  condition  of  the  cleavage,  the  direction 
of  the  cleavage-planes,  the  nature  of  the  small  veins  of  other  mate- 
rial pervading  the  slate  (of  which  there  are  always  many),  the 
presence  or  absence  of  iron  pyrites,  the  direction  and  magnitude 
of  the  joints — these  are  the  chief  points  concerning  which  careful 
investigation  is  necessary.  But  any  or  all  of  these  are  altogether 
insufl&cient  to  communicate  value  to  a  property  unless  the  essen- 
tial point  of  cheap  and  ready  conveyance  to  a  large  market  can 
be  secured,  and  the  quarries  are  so  situated  that  the  waste  can  be 
disposed  of,  and  the  valuable  part  of  the  slate  laid  bare  without 
great  expense. 

951.  Flagstones, — Of  the  slabs  and, flags  used  for  paving, 
cisterns,  and  various  other  purposes,  those  from  Eestiniog  (North 
Wales)  are  remarkable  for  their  large  size,  even  grain,  and  great 
beauty.  Those  from  Valencia  (west  coast  of  Ireland)  are  also 
extremely  large,  and  of  excellent  qualiiy. 

The  Yorkshire  flags  are  fine-grained  laminated  sandstones,  from 
the  millstone  grit  formation,  cleaving  into  slabs  of  large  size, 
whose  thickness  is  from  2  or  3,  up  to  8  inches.  They  are  re- 
markable for  their  extreme  hardness  and  toughness.  Of  the  beds 
yielding  these  flags,  there  are  no  less  than  fifty  well  known,  and 


Lgly  bad,  according  to  the  proportion  of  aUcaline  earths  (especially 
)da)  which  they  contain. 
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CHAPTER  XVIII. 

ON  QTJABRYINa,  STREAMING,  AND  MINING  FOR  STRATIFIKD 

MINERALS. 

953.  MuTBBALS  are  found  either  aa  deposits  on  the  surface  of 
the  various  stratified  rocks  already  described,  or  distributed 
amongst  and  forming  part  of  them,  or  they  exist  in  creyices  more 
or  less  irregular,  produced  in  those  or  other  rocks  subsequent 
to  their  originaL  formation,  and  often  during  subsequent  meta- 
morphism. 

Such  minerals  (freestone,  slates  and  other  building  material)  as 
can  be  conveniently  obtained  by  open  cuttings  without  underground 
operations,  are  worked  by  quarries.  Such  others  (native  gold, 
tm-stone,  amber,  diamonds,  and  various  precious  stones)  as  cither 
form  or  are  mixed  with  gravel  and  surface  deposits,  are  obtained  by 
a  process  which  may  be  conveniently  designated  streaming.  Lastly, 
such  minerals  (the  ores  of  most  metals,  coal  and  other  substances) 
as  are  usually  buried  beneath  the  surface  of  the  earth  so  far  as  to 
render  it  necessary  to  sink  pits  and  cut  underground  galleries 
{levels)  in  order  to  remove  them,  are  obtained  by  the  process  of 
minmg.  Of  mining  itself  there  are  two  very  distinct  kiads,  as  the 
buried  minerals  may  either  of  themselves  exist  in  regular  deposits, 
or  may  form  part  of  them ;  or  they  may  only  occupy  a  part  of  tho 
space  left  when  rocks  have  been  broken  asunder  by  subterranean 
violence  or  have  contracted  by  parting  with  some  of  the  water 
they  once  contained.  The  crevices  in  rocks,  whenever  and  how- 
ever formed,  are  called  mineral  veins,  if  filled  with  mineral  sub- 
stances (metalliferous  or  otherwise)  in  a  crystalline  state.  Being 
generally  more  nearly  vertical  than  horizontal,  and  requiring  ma- 
nagement very  different  in  many  respects  from  that  necessary  to 
remove  actual  strata,  it  will  be  advisable  to  consider  the  mining 
operations  for  minerals  in  veins  as  distinct  from  those  adopted  for 
getting  bedded  minerals.  The  attempt  to  obtain  a  portion  or  the 
whole  of  a  deposited  bed  out  of  the  midst  of  a  number  with 
which  it  has  always  hitherto  been  in  contact,  will  be  at  once  seen 
to  involve  difficulties  altogether  distinct  from  those  incurred  in 
clearing  out  the  contents  of  a  crevice  or  fissure,  the  walls  of  which 
ceased  to  be  in  contact  before  the  material  to  be  extracted  was 
placed  in  its  existing  position. 

1.  Quarries, 

954.  Quarries,  and  the  methods  adopted  to  remove  minerals  by 
open  cuttings,  require  but  Httle  notice  m  this  place,  as  they  are  for 
the  most  part  simply  mechanical  operations  having  little  reference 
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to  geological  phsBnomena*.  Quarries  are  usually  opened  near  or  on 
the  crop  of  tne  required  beds,  the  surface  soil  being  removed  to  as 
large  an  extent  as  possible.  As  there  is  always  a  large  proportion 
of  rubbish  in  works  of  this  kind,  a  position  in  which  this  can  be 
got  rid  of  without  disadyantage  is  almost  essential,  and  the  cost  of 
conveyance  being  always  a  large  item  in  the  idtimate  price,  the 
close  vicinity  of  a  shipping  place  or  railroad,  and  a  £Ebcility  of  reach- 
ing such  means  of  transport,  also  enter  largely  into  all  questions 
concerning  the  value  of  such  mineral  property  as  stones,  slates,  <&c. 

Of  all  quarries  those  in  which  slate  is  worked  are  the  largest 
and  most  valuable.  The  geological  facts  that  require  to  be  noticed 
are  such  as  have  reference  to  the  bedding  and  cleavage-planes  of 
the  slates,  and  also  to  the  joints.  A  due  attention  to  these  will 
often  enable  a  scientific  observer  to  calculate  with  some  accuracy 
how  far  a  vein  of  valuable  slate  may  be  expected  to  extend  beyond 
the  point  to  which  it  has  been  proved,  and  in  what  direction  it 
should  be  followed. 

There  are  varieties  of  colour,  of  texture,  and  of  hardness,  which 
affect  the  value  of  slates.  The  common  colours  are  green  and 
purple,  both  of  which  may  be  good.  The  hardness  should  be  con- 
siderable, without  interfering  with  the  fissile  character  of  the 
material,  and  the  grain  should  be  fine.  If  large  slates  or  slabs 
can  be  cut,  this  of  course  adds  greatly  to  the  value  of  the  quarry. 

955.  The  slate  quarries  in  various  parts  of  England,  Wales, 
and  Scotland,  are  objects  of  great  interest,  if  only  in  a  picturesque 
point  of  view ;  but  they  are  of  a  magnitude  really  important  in  an 
economic  sense.  The  Delabole  quarry,  for  example,  in  Cornwall, 
is  opened  for  some  hundred  yards  in  length,  and  has  a  width  of 
upwards  of  a  hundred  yards,  and  a  depth  nearly  as  considerable. 
The  BaUahulish  quarries,  in  Scotland,  are  worked  in  three  terraces 
facing  the  west,  the  total  height  of  the  workings  being  216  feet. 
The  annual  produce  of  slates  is  firom  five  to  seven  millions  of  all 
sizes  (ten  thousand  tons)  ;  and  the  quantity  of  waste  cannot  be 
less  than  fifty  millions  of  tons. 

But  the  great  Penrhyn  quarry,  close  to  which  are  the  Llan- 
berris  and  other  quarries,  is  far  more  remarkable  and  valuable* 
The  band  of  slate  (or  vein,  as  it  is  locaUv  called)  is  here  considered 
to  run  twenty  miles,  with  a  breadth  of  five  hundred  yards.  Where 
long  exposed,  the  slate  is  usually  much  harder  than  is  convenient 
or  profitable  to  work,  and  the  valleys  yield  the  best  and  most  pro- 
fitable portions.  The  one  quarry  of  Penrhyn,  belonging  to  Col. 
Pennant,  has  been  opened  nearly  a  century,  and  is  worked  in 

*  The  limestones  from  the  celebrated  quarries  near  Caen  in  Normandy,  are  obtained  by  levels 
ven  in  for  a  lonv  distance  from  the  bottom  of  a  river  bank.    Building-stones  and  firestones 
obtained  from  beneath  chalk,  at  the  foot  of  the  chalk  escarpment  in  various  parts  of  Surrey, 
Himilar  mining  processes. 
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twelve  galleries  of  horseshoe  form,  one  above  another.  Each  gal- 
lery is  40  feet  high,  the  highest  being  500  feet  above  the  lowest ; 
but  the  uppermost  slates  are  of  inferior  quality.  Upwards  of 
three  thousand  men  are  employed  here,  and  the  daily  make  ex- 
ceeds five  hundred  tons.  The  other  quarries,  though  smaller  and 
less  profitable,  are  of  great  value  and  importance. 

956.  Besides  stones  and  slates,  it  occasionally  happens  that 
salt,  coal,  and  deposits  of  iron  and  even  of  copper  ore,  are  so 
exposed  that  they  can  be  removed  by  open  cuttings  of  the  natiu*e 
of  quarries.  Such  minerals,  however,  are  often  subject  to  injmy 
by  the  exposure  to  weather  consequent  on  this  mode  of  working, 
and  it  becomes  an  important  question  whether  the  economy  of 
working  is  not  cotuiterbalanced  by  this  loss.  It  is  always  neces- 
sary to  remove  the  surface  or  head  of  rubbish  and  vegetable  soil 
betore  commencing  the  quarrying,  and  thus  the  rain  falling  on  the 
exposed  face  of  mineral  tends  to  produce  decomposition,  or  at 
least  disintegration.  . 

957.  Many  valuable  substances  are  obtained  from  mechanical 
admixture  with  the  sand  and  gravel  forming  either  the  alluvial  or 
diluvial  deposits  of  various  parts  of  the  world.  The  usual  mode 
in  which  such  substances  are  separated  from  the  worthless  gravel 
and  sand  is  by  washiug,  or  taking  advantage  of  the  different  specific 
gravities  of  the  valuable  and  valueless  substances,  and  the  relative 
facility  of  separating  them  when  both  are  shaken  together  in  water. 
Gold  is  not  only  the  most  important  of  these  substances  firom  its 
great  intrinsic  value,  but  because  it  is  the  one  most  largely  ob- 
tained in  this  way,  and  also  that  the  methods  adopted  to  separate 
it  from  the  matrix  are  nearly  the  same  as  those  required  for  tm  ores 
and  others  similarly  deposited. 

2.  Gold  washings, 

958.  These  are  at  present  carried  on  chiefly  in  Siberia,  Cali- 
fornia, and  Australia;  the  two  latter  countries  yield  by  far  the 
largesb  quantity,  but  the  work  in  the  former  is  more  systematic 
and  far  less  costly,  so  that  poorer  sands  are  exposed  to  the  various 
mechanical  operations.  In  former  times  a  large  quantity  of  gold 
was  obtained  from  Brazil,  and  the  mines  there  are  still  worked  with 
some  system.  The  matrix,  or  earth  in  which  the  gold  occurs, 
varies  m  different  countries,  but  is  usually  confined  to  some  one 
or  two  distinct  beds  of  gravel,  often  of  considerable  geological 
age  compared  with  the  surface  soil,  and  spread  over  a  wide  tract. 
The  gold,  originally  contained  lq  veinstone  of  some  kind  (often 
ferruginous  quartz),  or  disseminated  through  rocks  in  a  native 
state,  has  been  washed  out  of  these  materials  by  a  long-continued 
exposure  and  the  abrasion  of  one  particle  against  another.     The 
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gold  being  the  heavier  substance  has  been  left  behind,  when,  frod 
the  action  of  water,  the  fragments  of  rock  have  been  washed  away ; 
and  thus  it  chiefly  abounds  in  hollows  or  other  receptacles,  where 
it  was  less  exposed  to  aqueous  action,  and  finally  became  buried. 

959.  In  Siberia  there  are  but  few  localities  where  gold-wash- 
ings are  largely  carried  on,  and  in  each  of  these  the  metal  is  dissemi- 
nated in  a  quartzy  sand,  or  gravel,  containing  much  oxide  of  iron. 
It  is  not  confined  to  the  valleys,  but  extends  even  to  the  hill  tops 
and  escarped  sides  of  mountams,  proving  that  the  process  of  accu- 
mulation has  been  a  very  long  one,  and  commenced  when  the 
present  mountain-chains  were  entirely  below  the  surface  of  the 
water.  In  Brazil,  as  in  Siberia,  where  the  position  of  the  gold 
alluvia  is  more  carefully  traced  than  in  CaUfomia  and  Australia^ 
the  gold  lies  ia  a  stratum  of  pebbles  and  gravel  immediately  in- 
cumbent on  the  solid  rock,  and  the  excavations  of  the  washers 
in  this  gravel  are  often  from  50  to  100  feet  wide,  and  18  to  20 
feet  deep.  The  author  has,  however,  seen  larger  and  deeper  exca- 
vations than  these  in  the  mining  districts  of  Eastern  v  irginia, 
where  also  much  gold  has  been  obtained,  although  as  yet  not 
very  profitably.  The  African  gold  is  got  from  the  beds  of  rivers, 
partly  on  the  Gold  Coast,  partly  in  Abyssinia,  and  partly  on  the 
Mozambique  coast. 

It  is  needless  to  repeat  here  what  has  been  so  frequently  and 
prominently  stated  concerning  the  position  and  condition  of  the 
gold  in  California  and  Australia;  and,  iadeed,  descriptions  of 
auriferous  detritus  have  little  value,  as  they  can  hardly  lead  to  the 
recognition  of  similar  material  in  a  new  district,  or  suggest  disco- 
veries in  a  country  where  the  existence  of  gold  is  not  previously 
known.  We  proceed  to  the  more  practical  and  useful  considera- 
tions connected  with  the  working  of  such  ores  when  found. 

960.  Some  interesting  observations  have  been  recorded  by  the  Russian 
mining  engineers  with  regard  to  auriferous  sands.  It  has  been  remarked  that 
they  rarely  repose  on  granite  or  syenite,  but  usually  on  schistose  rocks,  near 
serpentines  and  hornblende  rocks.  They  are  also  found,  not  in  the  recesses  of 
the  mountains,  but  principally  forming  plateaux  parallel  with  and  terminating 
the  chain,  or  exhibited  in  the  lower  and  broader  part  of  the  valleys.  They  are 
not  continuous,  and  in  certain  localities  the  gold  is  more  abundantly  distributed 
than  in  others.  It  is  a  fact  well  worthy  of  remark,  that  in  almost  all  cases 
where  gold  is  found  in  rocks  it  is  accompanied  by  magnesian  minerals,  often  in 
a  very  marked  manner. 

G^eraUy  the  gold  obtained  by  washings,  and  coming  under  the  denomina- 
tion of  alluvial  gold,  is  distributed  in  comparatively  small  proportion  through- 
out the  quartzose  sand  covering  very  extensive  areas.  But  this  is  not  always 
the  case.  In  Siberia  there  appears  to  be  a  distinct  epoch  to  which  the  aurife- 
rous alluvium  belongs,  and  over  such  beds  are  others  rorming  a  capping  often  of 
'ilay  and  shingle  containing  no  gold.  It  may  easUy  happen  in  any  other  coun- 
T  as  in  Sibena,  that  there  are  alluvia  of  different  ages  obtained  from  rocks  at 

listance,  or  from  the  decomposition  and  disintegration  of  those  in  ntu,  some 


GOLD  If  ASHXETOS  IN  HUKQABT.  473 

of  them  ooniaining  certain  minerab,  whilst  others  are  totally  depriyed  of  them. 
Some  attention  therefore  is  required,  not  only  in  the  selection  of  a  spot  which 
may  be  supposed  to  contain  the  proper  mineral,  but  in  finding  out  whether  the 
gold  is  present  at  all,  or  in  greatest  abundance  in  any  particular  bed. 

961.  The  examination  of  rocks  suspected  to  contain  gold  is  a 
very  simple  matter,  although  the  mode  of  obtaining  the  precious 
metal  in  large  quantities  from  the  associated  sand,  mud,  or  gravel, 
necessarily  involves  mechanical  contrivances,  and  requires  some 
consideration.  When  a  rock  is  supposed  to  be  auriferouis,  or 
when  the  sands  or  other  alluvial  matter  of  a  district  are  to  be 
examined  for  gold,  the  rock  should  first  be  pounded  fine,  and 
sifted : — a  part  of  the  sifted  sand  thus  obtained  must  be  washed 
in  a  shallow  iron  pan,  and  as  the  gold  sinks,  the  floating  mud 
should  be  allowed  to  pass  off  into  some  receptacle.  The  largest 
part  of  the  gold  is  tnus  left  in  the  angle,  or  lowest  point  of 
the  pan ;  by  a  repetition  of  the  process  a  further  portion  is  ob- 
tained ;  and  when  the  bulk  of  sand  is  reduced  to  a  manageable 
quantity,  the  gold,  if  in  too  small  a  proportion  to  be  readily 
removed  (or  the  residuum  in  the  latter  case,  afber  the  richer  parti- 
cles have  been  carried  away),  is  amalgamated  with  clean  mercury. 
The  amalgam  is  next  strained,  to  separate  any  excess  of  mercury, 
and  is  finally  heated  and  the  mercury  expelled,  leaving  the  gold. 
In  this  way,  by  successive  trials  with  the  rock,  the  proportion  of 
gold  is  pretty  accurately  ascertained.  Where  the  rock  or  gravel 
is  rich,  the  amalgamation  is  unnecessary  in  a  first  trial,  suincient 
being  obtained  at  once  to  give  a  profit  without  any  further  pro- 
cess than  simple  washing. 

Masses  of  quartz,  with  no  external  indication  of  gold,  examined 
in  the  above  way,  will  sometimes  yield  at  the  rate  of  about  five 
ounces  of  gold  to  a  ton  of  sand  or  gravel. 

962.  The  methods  adopted  on  a  large  scale,  to  separate  gold 
from  such  alluvial  soils  as  contain  a  sensible  proportion  of  this 
valuable  metal,  vary  according  to  local  circumstances  and  the  tools 
that  may  be  at  hand.  Washing  on  inclined  tables  is  sometimes 
followed  with  advantage,  as  in  Hungary,  where  a  long  plank  is 
employed  with  a  number  of  transverse  grooves  cut  in  its  surface. 
Something  of  the  nature  of  this  table  may  be  understood  from  the 
annexed  diagram  (fig.  242).  This  plans  is  held  in  an  inclined 
position,  and  the  sand  to  be  washed  put  in  the  first  groove ;  water 
IS  then  thrown  on  it,  when  the  gcud  mixed  with  some  of  the 
sand  collects  usually  towards  the  lowest  furrow.  This  mixture  is 
removed  into  a  flat  wooden  basin,  and  by  a  peculiar  movement  of 
the  hand  the  gold  is  separated  entirely  from  the  sand.  The  stony 
ores  are  first  pounded  in  a  stamping-mill,  the  nature  and  mode  of 
action  of  which  will  be  described  in  a  future  paragraph. 


;Ki.CTICAL  OEOLOOT. 
Fig.  242. 


View  of  ■  Sleq^g  or  Iwin-Ubla  bi  Kpuiting  on*  ttla  uunpir.B, 

963.  With  the  poorer  ores,  such  as  the  auriferous  sulphurets, 
whether  of  copper,  iron,  or  lead,  it  is  usual  to  adopt  the  process 
o!  amalgamation,  either  after  roasting  or  without  suhmittiug  them 
to  that  process.  This  method,  however,  belonging  strictly  to 
metallurgy,  will  not  be  described  in  this  place,  since  at  present 
the  mechanical  processes  of  separating  the  metal  form  the  subject 
under  consideration;  and  as  in  the  Brazilian  gold  district  the 
processes  adopted  include  most  of  the  mechanical  contrivances 
that  have  been  &om  time  to  time  introduced,  our  first  illustration 
will  be  chiefly  drawn  &om  that  country. 

9&4i.  At  the  commencement  of  the  mining*  system  in  the 
Brazils,  the  common  method  of  proceeding  was  to  open  a  square 
pit,  till  they  came  to  the  eascalhaf;  this  they  broke  up  with 
pickaxes,  and  placing  it  in  a  wooden  vessel,  broad  at  the  top 
and  narrow  at  the  bottom,  espoeed  it  to  the  action  of  running 
water,  shying  it  from  side  to  side,  till  the  earth  was  washed 
away  and  the  metallic  particles  had  all  subsided.  Lumps  of 
gold  were  often  found  fi^m  two  and  a  half  to  twelve  ounces  in 
weight,  while  a  few  weighed  25  to  38  ounces,  and  one  it  is 
asserted  weighed  13  pounds ;  but  these  were  insulated  pieces, 
and  the  ground  where  they  were  discovered  was  not  rich.  All 
the  first  workings  were  in  the  beds  of  rivers,  or  in  the  table-land, 

•  TlMi>i»ii"mlii*,"  in  Uir  aignidadoD  UCuhed  to  it  bftlif  inhahiUnti  of  Bniil,  eanye|ri 
■  dUbnot  mcuiing  to  thu  irhich  it  imponi  in  Europe.    Wfailit  in  Ilie  littix  it  dedgnita  ■ 
Kvmtion,  in  the  fonatt  it  t»  riniplj  applicable  to  the  bed  of  n  rivrj,  tbe  boEtom 
le  pUce  of  irnBter  or  leu  extent,  wh«Te  the  loil  ii  coinpoaed  of  kUuvikl  ajatlCTi 

Imt  iDcailr  giveD  to  tbe  fturiferoiu  dctriCui.  Tbe  eommon  cucnlbo  of  tb« 
rated  toil  in  vhich  gold  ia  «olainr:dT  arid  aeem*  taeonaiat  ofthefngmenta  of 

mong  tlie  cluja  xhicb  hve  cotupoaed  it4  bed.  Tliere  ia.  Iioweier,  >  diOer- 
inriferom  graTCl  in  the  duHUitaina  nndtlul  in  theriirertr  the  imbedded  atDnev 
u^lio  are  rough  and  Bn^itlari  but  in  dim  of  rircn  tiHj  urc  rounded* 
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or  flat  aUxLvial  banks  over  whicli  the  streams  had  at  one  tune 
flowed. 

.  In  1724,  the  method  of  mining  had  undergone  a  considerable 
alteration,  introduced  by  some  natives  of  the  northern  country  : 
instead  of  opening  the  ground  by  hand,  and  carrying  the  cascalho 
thence  to  the  water,  the  miners  conducted  water  to  the  mining- 
ground,  and,  washing  away  the  mould,  broke  up  the  cascalho  in 
pits  under  a  fall  of  water,  or  exposed  it  to  the  same  action  in 
wooden  troughs ;  and  thus  a  great  expense  of  human  labour  was 
spared. 

965.  Th6  mode  of  working  the  mines  of  Jara^m  is  more  sim- 
ple, and  may  be  easily  explained.  Suppose  a  loose  gravel-like 
stratimi  of  rounded  quartzose  pebbles  and  adventitious  matter, 
incumbent  on  granite,  and  covered  by  earthy  matter  of  variable 
thickness.  Where  water  of  sufficiently  high  level  can  be  com- 
manded, the  ground  is  cut  in  steps,  each  20  or  30  feet  wide,  2  or  3 
broad,  and  about  1  deep.  Near  the  bottom,  a  trench  is  cut  to  the 
depth  of  2  or  3  feet ;  on  each  step  stand  six  or  eight  negroes,  who, 
as  the  water  flows  gently  from  above,  keep  the  earth  continually 
in  motion  with  shovels,  until  the  whole  is  reduced  to  liquid  mud 
and  washed  below.  The  particles  of  gold  contained  in  this  earth 
descend  to  the  trench,  where,  by  reason  of  their  specific  gravity, 
they  quickly  precipitate.  Workmen  are  continually  employed  at 
the  trench  to  remove  the  stones  and  clear  away  the  surface,  which 
operation  is  much  assisted  by  the  current  of  water  which  falls  into 
it.  After  a  few  days'  washing,  the  precipitation  in  the  trench  is 
carried  to  some  convenient  stream  to  undergo  a  second  clearance. 
For  this  purpose  wooden  bowls  are  provided,  of  a  funnel  shape, 
about  2  feet  wide  at  the  mouth,  ana  5  or  6  inches  deep.  Each 
of  the  workmen  standinfi;  in  the  stream  takes  into  his  bowl  Ave  or 
six  pounds  weight  of  the  sediment,  which  generally  consists  of 
heavy  matter,  such  as  granular  oxide  of  iron,  pyrites,  ferruginous 
quartz,  and  often  precious  stones.  They  admit  certain  quantities 
of  water  into  the  bowls,  which  they  move  about  so  dexterously, 
that  the  precious  metal,  separating  from  the  inferior  and  lighter 
substances,  settles  to  the  bottom  and  sides  of  the  vessel.  They 
then  rinse  their  bowls  in  a  la^er  vessel  of  clean  water,  leaving  the 
gold  in  it,  and  begin  again.  The  washing  of  each  bowlful  occupies 
&om  five  to  eight  or  nine  minutes.  The  gold  produced  is  extremely 
variable  in  quantity  and  in  the  size  of  its  particles ;  some  of  which 
are  so  minute  that  they  float,  while  others  are  found  as  large  as 
peas,  and  not  unfrequently  there  are  some  much  larger.  This 
operation  is  superintended  b^  overseers,  as  the  result  is  of  con- 
siderable importance.  When  the  whole  is  finished,  the  gold  is 
placed  over  a  slow  fire  to  be  dried. 
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966.  It  is  considered  that  the  tedious  process  of  washing 
might  be  much  shortened  by  using  a  machine  of  very  eaaj  con. 
struction;  such  as  a  cylinder,  formed  of  bars  of  iron,  longitu- 
dinally placed,  and  nailea  to  circles  of  wood,  open  at  each  end,  and 
suspenaed  on  two  centres,  one  about  16  inches  higher  than  the 
other.  At  the  highest  end  the  ore  is  put  in  by  means  of  a  hop- 
per which  communicates  with  it.  The  bars  must  be  nailed  almost! 
close  to  each  other  at  the  upper  end,  gradually  widening  to  the 
lower  end,  where  they  should  be  almost  half  an  inch  asunder. 
The  cylinder  ought  to  be  from  10  to  12  feet  long,  and  a  stream  of 
water  conducted  to  fall  upon  it  lengthwise ;  it  should  be  enclosed 
like  a  dressinsc-machine  in  a  flour-imll,  and  be  subiected  to  a  yery 
auick  motion  The  portion  of  ore  containing  the  most  gold  ^ 
fall  through  near  the  upper  end;  the  other  parts,  according  to 
their  comparatiye  fineness,  gradually  descending  until  nothing  but 
the  pebbles  faU  out  at  the  lower  end ;  the  earth,  Soc.^  falling  into 
partitions  or  troughs  below  the  cylinder,  would  be  ready  for  being 
separated  jfrom  the  gold  by  hand,  which  might  be  done  with  very 
little  trouble.  Machines  of  this  kind  might  be  made  on  any  scale, 
and  if  generally  known  and  adopted,  would  saye  human  labour  to 
a  yery  great  extent.  A  further  unproyement  might  be  made,  too, 
in  this  useful  apparatus ;  for  if  the  gold  washed  &om  the  machine 
were  to  ML  upon  troughs  placed  in  an  inclined  position,  haying  a 
channel  across  about  a  yard  from  the  upper  end,  all  the  gold 
would  precipitate  into  it ;  and  if  a  man  were  to  be  continually 
employed  in  agitating  the  water,  the  earthy  matter  would  run 
off,  leaying  only  the  gold  and  the  ferruginous  particles,  which 
might  be  separated  by  mercury.  Other  ingenious  and  more  com- 
plicated contriyances  are  known,  and  haye  been  adopted  success^ 
fully  in  Siberia,  but  are  not  adapted  to  countries  where  labour 
is  costly. 

967.  The  only  miners'  tools  employed  in  Brazil  up  to  a  recent 
period  were  the  iron-bar  and  the  hoe,  but  the  common  miner's 
pick  would  in  many  cases  be  seryiceable;  and  hucJdng'Wons* 
would  reduce  the  matrix  much  more  effectually  than  beating  it 
with  stones.  In  many  instances,  hand-sieyes,  if  not  too  costly,, 
would  be  found  extremely  useful,  and  would  certainly  saye  con- 
siderable time  and  labour  m  washing. 

Mills  composed  of  heavy  irregular  stones,  resembling  those 
used  in  England  for  griading  flints,  are  useful  in  reducing  many 
of  the  ferruginous  masses  and  softer  substances  which  contain 
gold ;  whilst  stamps  might  be  employed  where  the  gold  is  found 
in  hard  and  brittle  substances;  oji these  would  be  perhaps  as 

*  Backing>iTon8  are  pieces  of  iron  with  wooden  handles,  used  at  the  lead-mines  in  Britain, 
break  the  ore  from  what  it  adheres  to. 
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effectually,  though  more  expensively,  pulverized  by  a  heavy  stone 
rolling  on  its  edge  and  worked  by  men*. 

968.  The  mining  operations  in  Califomia  and  Australia  are 
still  on  a  somewhat  rude  scale,  and  there  cannot  be  a  shadow 
of  doubt  that  large  quantities  of  gold  are  allowed  to  escape 
the  washings.  These,  however,  will  not  travel  far,  and  may 
reward,  though  in  a  smaller  degree,  those  who  carry  on  ope- 
rations after  the  first  fever  of  gold-seeking  has  passed  away. 
A  good  idea  wiU  be  formed  of  the  first  proceedings  by  the 
following  extract  from  an  official  account: — The  day  was  in- 
tensely hot,  yet  about  200  men  were  at  work  in  the  fiill  glare 
of  the  sun,  washing  for  gold — ^some  with  tin  pans,  some  with 
close-wove  Tndian  baskets ;  but  the  greater  part  had  a  rude  ma- 
chine, known  as  the  cradle.  This  is  on  rockers,  6  or  8  feet 
long,  open  at  the  foot,  and  at  its  head  has  a  coarse  grate  or 
sieve;  the  bottom  is  rounded  with  small  elects  nailed  across. 
Four  men  are  required  -to  work  this  machine ;  one  digs  the 
ground  in  the  bank  close  by  the  stream,  another  carries  it  to 
the  cradle  and  empties  it  on  the  grate,  a  third  gives  a  violent 
rocking  motion  to  the  machine,  while  a  fourth  dashes  in  water 
from  the  stream. 

The  sieve  keeps  the  coarse  stones  &om  entering  the  cradle,  the 
current  of  water  washes  off  the  earthy  matter,  and  the  gravel  is 
gradually  carried  out  at  the  foot  of  the  machine,  leaving  the  gold 
mixed  with  a  heavy  fine  black  sand  above  the  first  elects.  The 
sand  and  gold  mixed  together  are  then  drawn  off  through  auger- 
holes  into  a  pan  below,  are  dried  in  the  sun,  and  affcerwards 
separated  by  blowing  off  the  sand.  A  person  without  a  machine, 
after  digging  off  one  or  two  feet  of  the  upper  ground,  near  the 
water  (in  some  cases  they  take  the  top  earth),  throws  into  a  tin 
pan  or  wooden  bowl  a  shovelful  of  loose  dirt  and  stones ;  then 
placing  the  basin  an  inch  or  two  under  water,  continues  to  stir 
up  the  dirt  with  his  hand  in  such  a  manner  that  the  running 
water  will  carry  off  the  light  earths,  occasionally  with  his  hand 
throwing  out  the  stones.  Afber  an  operation  of  this  kind  for 
twenty  or  thirty  minutes,  a  spoonful  of  small  black  sand  remains ; 
this  is  placed  on  a  handkerchief  or  cloth,  and  dried  in  the  sun ; 
and,  the  loose  sand  being  blown  off,  the  pure  gold  remains. 

^69.  The  iron-bar,  the  pick,  and  the  shovel t,  are  all  the  tools 
that  can  well  be  needed  by  the  solitarv  miner  to  raise  the  alluvial 
soD.  that  seems  to  be  so  amply  supplied  with  the  precious  metaL 
The  chief  operation  requiring  mecnanical  ingenuity  is,  therefore, 

*  Iron  cylinden  hardened  at  the  sur&ce  by  sudden  cooling  are  used  in  Cornwall  in  crushing 
tin  ores,  and  might  be  very  useful  if  obtainable, 
t  The  miner's  form  of  the  shovel  is  the  best,  consisting  of  a  simple  pan  of  a  conical  form. 
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the  washing^  or  removing  the  useless  soil ;  and  this  may  be  done 
either  before  or  after  the  reduction  of  the  whole  mass  to  powder. 
No  doubt,  where  the  gold  is  in  tolerably  large  lumps  the  former 
is  the  more  productive,  because  less  time  is  wastea;  but  nearer 
the  mouths  of  the  streams,  and  in  that  material  which  has  already 
been  coarsely  sifted,  there  will  remain  a  large  quantity  of  very 
rich  produce,  that  can  only  be  obtaiaed  by  pounding  as'weU  as 
washing. 

970.  The  following  method  is  adopted  in  Chili  to  reduce  auri- 
ferous detritus  to  a  nt  state  for  washing : — ^A  streamlet  of  water 
conveyed  to  the  hut  of  the  gold-washer  is  received  upon  a  large 
rude  stone,  whose  flat  surface  has  been  hollowed  out  into  a 
shallow  basin,  and  subsequently  into  three  or  four  others  in 
succession.  The  auriferous  particles  are  thus  allowed  to  deposit 
themselves  in  these  receptacles,  while  the  lighter  earthy  atoms, 
still  suspended,  are  carried  off  by  the  running  water.  The  gold 
thus  collected  is  mixed  with  a  quantity  of  ferruginous  black  sand 
and  stony  matter,  which  requires  the  process  of  kituration.  This 
is  effected  by  a  very  rude  and  simple  grinding  apparatus,  con- 
sisting of  two  stones,  the  under  one  being  about  3  feet  in  dia- 
meter and  slightly  concave.  The  upper  stone  is  a  large  spherical 
boulder  of  granite,  about  2  feet  in  diameter,  having  on  its  upper 

Eart  two  iron  plugs  fixed  opposite  each  other,  to  which  is  secured 
y  lashings  of  hide  a  transverse  horizontal  pole  of  wood,  about 
10  feet  long.  Two  men,  seated  on  the  extremities  of  this  lever, 
work  it  up  and  down  alternately,  so  as  to  give  to  the  stone  a 
rolling  motion,  sufficient  to  crusn  and  grind  the  materials  placed 
beneath  it.  The  washings  thus  ground  are  subjected  to  the  action 
of  running  water,  upon  inclined  planes  formed  of  skins,  by  which 
process  the  siliceous  particles  are  carried  off,  while  a  portion  of 
the  ferruginous  matter,  mixed  with  the  heavier  grains  of  gold,  is 
extracted  by  a  loadstone :  it  is  again  washed,  till  nothing  but  pure 
gold-dust  remains.  The  whole  process  is  managed  with  much 
dexterity ;  and  if  there  were  much  gold  to  be  separated,  it  would 
afford  very  profitable  employment ;  but  generally  the  small  quan- 
tity collected  is  sufficient  only  to  afford  subsistence  to  a  few  [ 
miserable  families. 

3.  2V^  Streaming, 

971.  Stream-works  in  England  are  confined  to  the  ores  of  tin, 
which,  from  their  great  specific  gravity,  are  readily  separated  by 
the  action  of  running  water  from  the  lighter  sands  and  gravel 
with  which  they  are  associated.  The  ores  of  tin  worked  in  the 
Island  of  Banca,  in  the  Eastern  Archipelago,  are  entirely  obtained 
in  thiB  way,  and  the  quantity  of  ore  brought  down  by  the  moun- 
tahi-torrents  may  be  imagined  when  it  is  mentioned  that  as 
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much  as  8500  tons  of  tin  have  been  exported  annually  horn  that 
island  alone. 

The  operation  of  streaming  for  tin  is  extremely  like  that  re- 
quired for  gold  .in  auriferous  districts ;  but  the  resultant  material 
being  less  valuable,  a  larger  per-centage  of  ore  is  necessary. 

972.  In  our  own  country,  the  stanniferous  gravels  of  Corn- 
wall are  not  usually  upon  the  surface,  but  are  either  covered  with 
other  gravel,  or  with  clay,  sand,  or  peat,  which  require  to  be 
removed  before  the  fundamental  rock  is  reached  on  which  the 
tin-stones  rest.  The  gravel,  when  collected,  is  thrown  upon  an 
inclined  plane  upon  which  a  fall  of  water  is  conducted,  and  then, 
being  worked  about,  the  tin-stones  remain  upon  the  inclined 
plane,  while  the  lighter  stones  and  earth  are  washed  away. 

It  is  &om  this  method  of  separating  the  ore  that  such  works 
have  been  called  stream-works.  They  are  of  comparatively  small 
importance  in  reference  to  the  general  supply,  out  still  afford 
employment  to  a  number  of  the  poorer  miners. 

4.  JDiamond'Washm£f, 

973.  The  way  in  which  diamonds  are  obtained  is  by  digging  for 
them  in  the  beds  of  torrents,  or  among  the  mud  and  sand  brought 
down  by  periodical  niins,  where  the  detritus  accumulates  chiefly 
on  one  bank,  at  the  mouths  of  some  of  the  smaller  streams,  and 
in  the  low  shifting  islands  along  the  shore.  Diamonds  are  found 
in  India  in  the  river  Mahanadi,  from  Chunderpore,  where  the  river 
Maund  joins  the  maia  stream  to  Sohnpore,  the  Mahanadi  making 
a  sudden  bend  to  the  left,  and  producmg  an  extensive  mud-bank 
on  the  northern  shore.  On  the  course  of  this  stream,  for  a 
distance  of  about  120  miles,  the  diamond-searchers  ply  their  trade 
from  the  time  when  the  rains  cease  until  their  periodical  return. 

The  process  of  exploring  is  exceedingly  simple,  and  the  only 
tool  employed  is  a  sharp  pickaxe.  Wini  this  the  men  dig  iato 
every  promising  spot,  and  deposit  on  the  banks  of  the  river  aU 
the  mud  and  sand  they  get  up.  There  it  is  looked  over  by 
women  and  children,  who  for  this  purpose  take  a  plank  5  feet 
in  length  by  2  in  width,  hoUowed  out  in  the  middle,  and  fur- 
nished with  a  rim  on  each  side  8  inches  in  height ;  they  place 
this  plank  in  a  position  a  little  inclined,  just  enough  to  allow 
water  to  run  off,  heap  upon  it  the  mud  and  sand  dug  from  the 
river,  and  continue  for  some  time  to  pour  water  upon  it.  As 
soon  as  the  water  runs  away  perfectly  clear,  they  look  over  the 
hard  stony  matter  which  is  left  upon  the  plank,  and  pick  out 
all  the  loose  pebbles  and  larger  pieces  of  gravel ;  these  they 
throw  away,  and  the  remaining  mass,  consisting  of  smaller  grains, 
they  remove  to  another  plank  of  the  same  form  as  the  first,  but 
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smaller,  and  spread  it  carefiillv  over  the  surface,  so  that  every 
particle  can  be  separately  exanuned ;  this  they  do  one  grain  at  a 
time,  throwing  away  all  that  is  merely  stone  or  gravel,  and  laying 
aside  every  pfuiicle  of  gold  or  crystal  of  diamond.  They  usually 
contrive  to  place  the  board  so  that  the  siin  shall  shine  upon  it  at 
a  certain  angle  during  this  operation,  every  particle  being  thus 
well  illumined.  The  earth  chiefly  sought  after,  and  most  accu- 
rately examined,  is  a  red  ochrey  clay,  containing  a  small  proportion 
of  oxide  of  iron;  in -this  the  diamond  is  most  commonly  found ; 
though,  as  it  is  sometimes  met  with  in  the  loose  mud,  the  whole 
is  well  washed  and  examined. 

6.  Amber, 

974.  Amber  is  found  in  nodules  varying  in  size  from  that  of  a 
nut  to  that  of  a  man's  head ;  but  the  latter  size  is  very  rare.  It 
is  also  met  with  on  some  sea-coasts,  and  near  the  mouths  of  some 
great  rivers.  It  has  been  found  in  Sicily,  Poland,  Saxony,  Sibe- 
ria, and  Greenland ;  also  in  our  own  country,  on  the  Yorkshire 
coast.  Even  some  of  our  clay-pits  have  yielded  it :  for  instance, 
in  one  near  St.  George's  Hospital,  Hyde  Park  Comer,  excellent 
specimens  have  been  found.  But  the  situation  in  which  it  is 
obtained  in  most  abundance  is  in  East  Prussia,  along  the  coast  of 
the  Baltic  between  Memel  and  Dantzic,  especially  along  the  shore 
near  Konigsberg. 

Amber  can  seldom  be  obtained  by  mining  operations,  although 
pits  are  occasionally  sunk  in  sandy  downs  to  the  depth  of  more 
than  100  feet,  where  it  occurs  in  small  quantities.  The  usual 
mode  of  searching  for  it  is  to  explore  the  sea-coasts  after  storms, 
when  the  amber  is  found  in  nodules  rounded  by  the  sea,  in  a 
manner  similar  to  pebbles  on  the  sea-shore. 

6.  Mining  for  Coal, 

975.  The  principal  localities  in  which  coal  is  found,  and  the 
circumstances  of  the  deposit  in  each  case,  have  been  already  men- 
tioned, and  the  nature  of  the  various  kinds  of  coal  and  their  usee 
have  also  been  the  subject  of  description. 

There  are  two  exceedingly  important  matters  to  be  considered 
and  understood  before  proceeding  to  describe  the  method  of 
working  in  coal-mines,  and  these  matters  themselves  are  both 
eminently  practical,  both  strictlj  dependent  on  that  class  of  phsB-* 
nomena  studied  by  the  geologist,  and  both,  therefore,  proper  to 
be  mentioned  in  this  place,  as  competed  with  the  Geology  of 
practical  mining.  One  of  these  is  the  frequent  repetition  or  loss 
of  the  coal  strata  by  faults  and  dislocations,  and  the  other  is  the 
fact  that  those  beds  containing  valuable  fuel  capable  of  being 
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extracted  and  employed  for  economical  purposes,  are  very  rarely 
found  except  in  one  formation,  and  are  even  confined,  for  the 
most  part,  to  a  certain  part  of  that  formation,  so  far  as  practical 
mining  is  concerned;  this  being  the  case  not  only  in  our  own 
country,  but  wherever  extensive  deposits  of  coal  have  hitherto 
been  found  in  Europe. 

976.  The  latter  fact  is  one  the  knowledge  of  which  is  obtained 
by  experience  only,  and  as  to  a  certain  extent  it  partakes  of  the 
indeterminate  nature  of  all  negative  propositions,  it  may  be  con- 
sidered as  not  yet  fully  proved.  But  the  evidence,  if  not  com- 
plete, is  at  least  exceedin^v  strong ;  and  the  degree  of  probability 
that  coal,  as  a  valuable  mineral,  is  confined  to  the  upper  part  of 
the  Falffiozoic  series  of  deposits  in  most  parts  of  Eiurope,  is  so 
great,  as  to  be  a  safe  guide  in  all  the  speculations  of  prudent  men. 
It  is  not  that  other  groups  of  strata  have  always  been  formed  at 
a  distance  from  land  richly  clothed  with  vegetation ;  for,  on  the 
contrary,  some  (as  the  Wealden  formations)  are  entirely  of  fresh- 
water origin,  while  parts  of  the  carboniferous  system  seem  almost 
exclusively  marine ;  and  others  (as  the  beds  of  the  Lower  oolites) 
are  associated  with  sandstones  and  shales  loaded  with  vegetable 
remains.  Other  accumulations  of  ancient  vegetable  matter  are 
found  elsewhere,  and  indications  appear  in  several  of  them  of 
sandstones  and  shales,  very  similar  to  those  associated  with  the 
coal ;  but  the  coal  itself  is  always  absent  or  worthless,  and  a 
search  for  it  inEngland  or  Western  Europe,  in  beds  of  the  Secondary 
or  Tertiary  period,  seems  sure  to  result  in  disappointment  and 
failure.  The  geologist  can  only  lay  this  before  the  practical  miner 
as  the  result  of  observation,  but  it  is  of  great  importance,  and  it 
is  a  case  in  which  a  sufficient  acquaintance  with  Geology  may  be 
the  means  of  saving  the  expenditure  of  large  sums  of  money, 
under  circumstances  where  tnere  was  not  from  the  first  any  rea- 
sonable prospect  of  success. 

Numberless  instances  might  be  quoted  of  vain  attempts  that 
have  been  made  to  obtain  coal  in  other  rocks  than  those  of  the 
Newer  Palaeozoic  period  in  Europe,  and  each  experiment  in  suc- 
cession has  served  to  strengthen  the  conviction  that  must  exist 
in  the  mind  of  every  observant  geologist,  that  there  are  few  excep- 
tions to  the  general  rule  in  this  matter.  We  have,  hbwever, 
already  given  an  account  of  one  remarkable  and  interesting  ex- 
ception in  America,  and  have  also  described  the  important  and 
valuable  coal-fields  of  India  and  the  East,  which  are  probably  of 
much  earlier  date.  It  is  evident,  therefore,  that  the  law,  however 
general  in  some  districts,  is  only  of  local  application. 

977.  The  other  fact  to  be  considered  by  tne  practical  miner,  is 
that  of  the  singularly  frequejit  disturbances  that  have  affected  the 
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beds  of  coal  and  the  strata  asBOciated  with  them,  and  the  remark- 
able complication  of  the  Javltt  that  characterize  many  coal-fields  ■ 
An  illuBtration  of  the  nature  and  mode  of  occurrence  oT  euch  faults 
IB  given  in  fig.  243.  It  must  not  be  supposed  that  the  efifect  of 
FU.  Fig.  248. 
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these  disturbances  is  either  uidformly  advantageous,  or  always 
disadvantageous  to  the  immediate  interests  of  the  miner ;  we  are 
indebted  to  such  disturbances  for  frequent  repetitions  of  the  same 
bed  of  coal  at  the  surface,  when  without  them  it  would  be  bo  far 
covered  up  by  newer  deposits  as  to  be  utterly  unattainable  ;  while 
on  the  other  hand  a  valuable  seam  is  aometimes  carried  away 
entirely,  or  bo  broken  as  to  be  worthlees,  by  these  disturbances. 
I^  however,  the  miner,  in  prosecuting  his  labours,  or  the  mine- 
owner  in  following  what  he  considers  a  valuable  seam  of  coal,  is 
suddenly  stopped  by  coming  in  contact  with  a  &ult,  and  finds  the 
coal  shifted  several  yards  above  or  below,  or  even  completely  lost, 
he  must  not  forget  that  it  is  perhaps  ovring  to  these  very  shifts 
that  the  outcrop  has  taken  place  at  all  in  hiB  neighbourhood,  and 
that  the  cool  is  workable  in  the  district  in  which  he  is  interested. 

Another  advantage  is  sometimeB  derived  &om  the  existence  of 
these  numerous  faultB  in  coal  strata,  namely,  that  the  clayey  con- 
tents which  occupy  them  serve  as  cofier-dams,  preventing  the  body 
of  water  accumuMed  in  one  part  of  the  field  firom  flowing  into  any 
opening  which  might  be  made  in  it  &om  another.  This  sepu^tion 
of  the  coal-field  into  small  areas  is  also  important  in  case  of  fire,  for 
in  this  way  the  combustion  is  prevented  &om  spreading  widely,  and 
destroying,  as  it  would  otherwise  do,  the  whole  of  the  seam  ignited. 

978.  An  mabiace  of  the  advuiUge  resulting  from  the  presence  of  a  great 
line  of  fixult,  oocurred  in  the  year  182B,  at  Glosforth,  near  Hewcastle,  where  a 
ehafl  was  dug  on  the  wet  eide  of  the  great  mnetj-fathom  df  ke,  wtuch  there 
interceptB  the  eoal-field.  The  workings  were  iitimediBtelj  inundated  with  water, 
and  it  was  found  neceHwr  to  abandon  them.  Another  ehaft,  however,  wbb 
sunk  on  the  other  side  of  the  dyke,  onh  a  few  jarda  from  the  former,  and  in 
this  they  deeoended  nearl;  two  hundred  iathoms  without  much  water*. 
■  fiucklud'i  "  BiidgcwUa- TnaUu,"  vol.  i.  p.  S14,  nctiT. 
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979.  The  chance  of  fire  is  not  so  hypothetical  an  accident  as  might  perhaps 
be  thought.  Many  instances  are  on  record  of  fires  haring  occurred,  sometimes 
spontaneously,  from  the  decomposition  of  iron  pyrites  in  contact  with  moisture, 
sometimes  from  lightning,  and  sometimes  wilfuUr,  in  consequence  of  quarrels 
between  the  workmen  and  the  coal-owners.  When  coal-beds  have  once  been 
ignited  they  haye  been  known  to  bum  on  slowly  for  many  years,  and  within 
the  last  twenty  years  there  has  been  more  than  one  instance  of  extensive  sub- 
terraneous fires,  which  haye  destroyed  many  acres  of  coaL 

980.  One  of  the  most  simple,  though  not  the  least  important 
applications  of  geological  knowledge  in  mining,  is  exemplified  in 
the  case  of  a  coal-seam  cropping  out  in  a  vaUey,  since  there  are 
no  less  than  three  very  distmct  cases  that  may  occur,  and  the 
method  to  be  adopted  in  working  the  coal  must  be  contrived  with 
reference  to  the  geological  position  of  the  bed.  The 'first  of 
these  is  when  the  dip  of  the  beds  is  less  than  the  angle  at  which 
the  valley  slopes,  both  being  in  the  same  direction,  in  which  case 
a  shaft  sunk  anywhere  on  the  rise  of  the  hill  will  reach  the  coal, 
the  seam  of  which  may  be  worked  safely  and  with  little  difficulty, 
the  newer  beds  being  always  the  highest  in  position.  Elsewhere, 
however,  where  the  dip  of  the  bed  is  greater  than  the  slope  of  the 
valley,  and  the  direction  is  still  the  same,  no  useful  result  would 
be  attained  by  sinking  on  the  rise,  above  the  spot  where  the  coal 
has  once  been  seen,  as  only  older  beds  come  out  on  the  rise  of  the 
hill.  Both  in  this  case  and  the  former  the  outcrop  of  the  coal 
may  occur  at  about  the  same  height  on  the  rise  of  the  hiU,  the 
alteration  of  the  dip  of  the  strata  being  the  only  point  of  difference 
apparent. 

The  third  case  in  which  it  is  important  to  understand  the  geo- 
logical position  of  the  coal  strata  is  when  the  slope  of  the  valley 
is  in  a  different  and  nearly  contrary  direction  to  the  dip  of  the  beds. 
In  this  case  the  newest  and  not  tne  oldest  beds  appear  the  highest 
in  position  on  the  hill-side,  and  the  coal,  may  safely  be  looked  for  at 
a  calculable  distance  below  the  surface. 

981.  Having  considered  the  mode  of  occurrence  of  coal,  let  us 
next  proceed  to  make  out  under  what  conditions  it  can  be  most 
conveniently  extracted  from  the  bowels  of  the  earth ;  and  as  these 
conditions  aepend  partly  upon  the  nature  of  the  coal  itself,  partly 
on  the  thickness  of  the  beds,  and  partly  on  their  depth  below  the 
surface  at  the  place  of  working,  and  on  the  dip  or  the  strata,  it 
will  be  convenient  to  distinguish  between  the  North  of  England 
coal-fields,  where  the  beds  are  of  moderate  thickness,  excee<fingly 
bitiuninous,  and  worked  at  great  depths^and  the  carboniferous 
deposits  in  Yorkshire,  Staffordshire,  Warwickshire,  and  Wales, 
where  they  are  either  enormously  thick,  contain  less  gas,  or  can 
be  conveniently  obtained  from  depths  much  less  considerable. 
We  may  conveniently  begiu  with  the  Newcastle  coal-field. 

t2 
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982.  When  by  a  sufficient  knowledge  of  the  geology  of  a  di- 
strict there  is  a  primd-facie  probability  of  coal  being  present 
beneath  the  surface,  the  first  operation  to  be  undertaken  before 
opening  a  coal-niine  is  usually  tnat  of  baring  to  discover  the  most 
advantageous  spot  for  sinking  a  shaft  and  extracting  the  coal. 
This  is  often  necessary,  owing  to  the  complexity  of  various  systems 
of  faults,  and  the  impossibility  of  otherwise  determining  with  cer- 
tainty the  prospects  of  sinking. 

The  operation  of  boring  is  generally  effected  with  a  kind  of 
chisel,  which  being  attached  to  an  iron  rod  by  means  of  a  screw, 
and  worked  by  a  little  temporary  machinery  erected  on  the  sur- 
face, makes  its  way  by  alternate  chopping  and  scooping,  the  accu- 
mulation of  rubbish  being  taken  out  from  time  to  time  by  an 
auger,  as  the  chisel  becomes  clogged.  Successive  lengths  of  ro(i 
are  screwed  on  as  the  work  advances,  and  the  nature  of  the  strata 
gone  through  is  determined  with  considerable  facility  and  certainty 
by  examining  the  fragments  brought  up  by  the  auger. 

983.  When  in  this  way,  or  from  previous  knowledge  of  the 
district,  it  is  decided  where  a  shaft  shaU  be  sunk,  this  important 
work  has  next  to  be  commenced. 

The  shafts  in  the  North  of  England  are  usually  cylindrical  or 
elliptical,  and  the  smallest  diameter  is  about  10  feet.  The  smaller 
shaits  are  generally  divided  throughout  into  two  compartments  by 
an  air-tight  wall  of  separation  (a  brattice) ;  but  the  larger  ones, 
which  have  a  diameter  of  as  much  as  15  feet,  are  sometimes 
divided  into  three  parts.  One  of  the  compartments  is  in  this  case 
made  use  of  for  drawing  the  coal  to  the  surface,  another  for  the 
drainage  of  the  mine,  and  a  third  for  ventilation,  conveying  to  the 
surface  the  air  that  has  passed  through  the  workings. 

Under  the  most  favourable  circumstances,  the  sinking  a  shaft 
is  a  work  of  considerable  time  and  expense,  for  it  is  necessary  to 
line  a  great  part  of  the  interior  with  bricks  to  prevent  the  loose 
and  incoherent  strata  from  falling,  or  being  washed  in ;  but  it 
rarely  happens  that  any  depth  of  shaft  can  be  simk  without  meet- 
ing with  springs  of  water,  which  sometimes  empty  themselves  into 
the  workings  to  an  extent  which  it  would  at  first  appear  hopeless 
to  contend  against.  In  such  cases  there  is  no  safety  to  be  obtained 
without  lining,  with  a  strong  framework,  that  part  of  the  shaft 
which  passes  through  the  loose  permeable  sands.  This  lining  of 
the  shaft  is  called  tubbing,  and  many  pits  around  New^castle  and 
elsewhere  (where  extreme  durability  is  required,  and  no  expense 
is  spared  to  obtain  this  object)  were  formerly  lined  throughout 
with  3-inch  boards  nailed  to  a  circular  wooden  framework, 
called  a  crib,  which  was  firmly  attached  to  the  sides  of  the  pit  at 
convenient  distances.     But  this  method,  although  it  has  been 
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known  to  keep  out  a  pressure  of  water  equal  to  100  lbs.  on  the 
square  inch,  is  not  considered  so  safe  as  the  metal  tuhhing  now 
adopted  in  all  difficult  works.  In  some  recent  shafts  as  much  as 
forty  fathoms  of  a  pit  have  been  completely  lined  with  a  strong  cast- 
iron  casing. 

984.  The  depth  of  the  shaffc  must,  of  course,  vary  indefinitely ; 
but  in  the  Newcastle  coal-field  it  is  rarely  less  than  twenty-five 
fathoms,  or  150  feet.  The  most  common  depth  is,  however,  much 
greater  than  this,  pits  being  sometimes  sunk  to  300  fathoms  (1800 
feet),  and  an  expense  of  upwards  of  £50,000  having  been  incurred 
in  some  cases  before  a  workable  seam  of  coal  has  been  reached. 

The  most  remarkable  and  enterprising  work  of  this  kind  on  record,  is  a  sink- 
ing at  Monk-Wearmouth  Colliery,  near  Sunderland,  commenced  in  1826, 
through  the  capping  of  magnesian  limestone.  The  lower  beds  of  the  magnesian 
limestone  and  the  lower  new  red  sandstone  here  oyerlap  the  coal-measures,  and 
at  the  place  of  sinking  their  thickness  was  known  to  be  upwards  of  300  feet. 
At  a  depth  of  330  feet  accordingly  the  coal  strata  were  reached,  but,  at  the  same 
time,  a  spring  was  tapped,  which  poured  water  into  the  workings  at  the  rate  of 
3000  gallons  per  minute.  This  fearful  influx  was  kept  under  by  a  steam-engine 
of  200  horse  power,  and  the  work  was  made  secure  by  a  strong  metal  tubbing, 
and  carried  on  successfully,  though  not  without  considerable  difficulty. 

On  entering  the  coal-measures,  however,  a  new  and  unexpected  check  was 
experienced.  No  calculation  had  been  made  for  the  extra  thickness  of  the 
uppermost  coal  strata  in  those  parts  where  the  upper  beds  had  been  protected 
from  denudation.  This  was  found  to  require  a  much  deeper  sinking  than  had 
been  expected ;  and  the  difficulties  were  increased  when,  at  the  depth  of  1000 
feet,  a  ieeeh  feeder^  or  spring  of  water,  was  tapped.  Additional  expense  and 
great  loss  of  time  were  thus  caused ;  but  the  proprietors  persevered,  and  con- 
tinued the  sinking  to  the  depth  of  1578  feet,  where  they  were  rewarded  by 
reaching  a  seam  oc  considerable  thickness  and  value.  This  wa«  supposed  to 
represent  the  Bensham  seam,  and  they  therefore  continued  the  work  to  the 
"  Hutton,"  the  most  valuable  of  alL  The  expense  of  this  pit,  including  the 
necessary  preliminary  operations,  could  not  have  been  less  than  £100,000,  and 
at  least  ten  years  elapsed  before  any  result  was  obtained.  Other  more  suc- 
cessful and  less  expensive  sinkings,  also  to  an  enormous  depth  and  through  a 
large  quantity  of  water,  have  been  since  concluded  in  the  neighbourhood. 

985.  It  is  usual  in  the  deeper  workings  to  have  but  few  shafts, 
owing  to  the  great  expense  of  sinking ;  and  it  is  the  opinion  of 
some  of  the  most  intelligent  coal-viewers,  that  in  this  way,  inde- 
pendent of  all  economical  considerations,  the  deep  workings  are 
more  conveniently  and  perfectly  drained  and  ventilated,  and  that 
the  general  work  of  the  mine  goes  on  better.  It  must  be  con- 
fessed that  this  opinion  seems  hardly  reasonable  when  the  great 
extent  of  the  underground  works  to  be  thus  ventilated  is  taken 
into  consideration.  In  some  mines  upwards  of  seventy  miles  of 
passages,  more  than  100  fathoms  below  the  surface  of  the  earth, 
are  only  provided  with  one  pit,  not  above  12  or  14  feet  in  dia- 
meter, for  ventilation,  drawing  coals,  pumping  water,  and  every 
operation  necessary  between  the  surface  and  the  works. 
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It  is  rarely  necessary  in  the  coal-fields  in  the  middle  or  west  of 
England,  or  in  Wales,  to  sink  so  deep  for  the  coal,  or  undertake 
such  costly  works  in  order  to  obtain  it ;  but  the  method  of  sink- 
ing is,  of  course,  the  same.  In  many  places,  howeyer,  it  is  foxmd 
more  conyenient  to  sink  a  number  oi  pits  of  smaller  size  than  one 
large  one,  and  in  this  way  to  ayoid  the  extensiye  underground 
operations  required  in  the  North  to  effect  the  yentilation  of  such 
mines  as  haye  only  a  single  shaft.  The  thickness  of  the  coal  in 
Staffordshire  also  renders  it  expedient  to  resort  to  methods  of 
working  on  a  different  principle  from  that  followed  in  the  New- 
castle coal-field,  and  these  methods  will  require  to  be  spoken  of 
separatehr. 

986.  The  shaft  being  sunk,  it  is  usual  to  driye  two  galleries,  or 
leyels,  the  one  along  a  horizontal  line  on  the  strike  of  the  coal- 
seam,  and  the  other  at  right  angles  to  this  on  the  rise  of  the  bed. 
The  former  is  called  the  drift,  or  water-course,  and  has  important 
reference  to  the  drainage  of  the  mine,  and  the  latter  is  the  wimimg 
headway,  or  main  thoroughfare  through  which  the  eoal  is  con- 
yeyed  to  the  shaft  when  extracted  from  the  galleries  afterwards 
cut.  These  two  principal  and  preliminary  cuttings  are  usually  of 
considerable  dimensions  (from  9  to  12  feet  wide,  and  6  feet  high), 
admitting  of  the  passage  of  loaded  waggons  and  horses,  and  they 
are  almost  always  provided  with  a  tram  or  pair  of  rails.  In  the 
shallower  mines,  and  where  a  second  shaft  is  sunk,  the  new  shaft 
opens  at  the  extremity  of  the  winning  headway,  and  yentilation  is 
at  once  established, 

987.  The  method  of  working  must  be  decided  on,  not  only  with 
reference  to  the  chance  of  explosion  from  certain  gases  afterwards 
to  be  described,  but  also  after  aU  possible  information  has  been 
obtained,  and  calculation  made  as  to  the  sustaining  power  of  the 
roof  and  floor,  the  strata  above  and  below  which  the  coal  is  depo- 
sited. Eor  it  must  always  be  remembered,  that  although  so  long 
as  the  coal  remains  in  its  pla«e  there  is  no  extraordinary  pressure, 
every  part  being  equally  and  proportionably  sustained,  yet  so 
soon  as  the  excavation  has  commenced,  and  empty  spaces  are  left, 
the  roof,  if  sufficiently  coherent,  causes  the  whole  superincumbent 
weight  to  press  on  those  portions  of  coal  that  may  be  left  in  the 
mine,  which  in  that  case  act  as  pillars,  and  wiU  inevitably  be 
crushed  if  their  dimensions  and  hardness  are  inadequate. 

If,  now,  the  roof  consist  of  hard  sandstone  and  the  floor  of 
soft  clay,  the  pressure  downwards  will  tend  to  displace  and  force 
up  the  floor,  and  fiU  ilp  the  spaces  left  by  removing  part  of  the 
coal.  If,  on  the  other  hand,  the  roof  be  soft,  it  will  siri  in,  and  if 
both  roof  and  floor  are  moderately  hard  and  tough,  they  may,  after 
a  time,  meet  each  other  midway.    The  surface  of  the  ground  above 
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sinking  in,  in  consequence  of  this,  the  result  called  a  creep  is  some- 
times produced,  and  much  injury  is  occasionallj  done  to  buildings, 
&c.  on  the  surface. 

988.  Having  acquired  a  knowledge  of  the  nature  of  the  coal 
itself,  and  of  its  floor  and  roof,  it  becomes  a  most  important  problem 
to  be  solved  by  the  coal-viewer,  how  far  he  can  safely  proceed 
in  taking  away  the  coal,  and  in  what  wav  the  maximum  of  produce 
can  be  obtained,  with  the  minimum  of  danger  and  loss. 

In  the  Newcastle  coal-field,  where  the  coal  is  full  of  gas,  where 
the  best  seams  are  worked  at  very  great  depths  below  the  surface, 
and  where  the  strata  associated  with  the  coal  are  often  sofb  and 
incoherent,  it  is  usual  to  extract  the  coal  by  cutting  a  number  of 
galleries  parallel  to  each  other,  and  intersected  by  others  at  right 
angles — ^thus  isolating  between  four  such  galleries  a  pDlar  of  coal 
whose  dimensions  vary  according  to  circumstances. 

In  the  description  already  given  of  the  first  operations  of  mioing 
after  the  shaft  is  sunk,  it  has  been  mentioned  that  two  levels,  the 
dr^  and  mrmvng  headway,  are  first  completed,  and  after  this  other 
galleries  are  sometimes  driven  parallel  to  the  winning  headway. 
These  galleries  are  of  different  dimensions ;  the  larger  ones,  which 
are  9  or  10  feet  wide^  are  called  hoards,  and  they  are  intersected 
by  other  galleries  at  right  angles  to  them  whose  dimensions  are 
not  quite  so  large,  and  which  are  called  narrows.  The  pillars  of 
coal  left  between  these  galleries,  in  Newcastle  workings,  must  be 
&om  eight  to  nine  yar£i  thick,  and  until  the  close  of  the  last 
century  this  method  was  the  only  one  employed  in  deep  workings, 
at  least  sixty  per  cent,  of  the  coal  being  left  in  the  mine. 

989.  About  fifty  years  ago,  however,  an  attempt  was  made,  for 
the  first  time,  to  remove  a  part  of  the  pillars,  and  a  method  was 
devised  by  which  half  the  remaining  coal  was  obtained,  and  after- 
wards, this  method  succeeding,  alternate  rows  of  pillars  were  abs- 
tracted, and  sometimes  even  half  the  intermediate  ones.  Lastly, 
Mr.  Buddie  invented  the  method  called  panel-work,  by  which 
nearly  the  whole  of  the  coal  may  be  obtained  with  safetjr. 

This  method  consists  in  dividing  the  mine  into  districts  or 
panels^  separated  from  one  another  by  walls  of  coal  forty  or  fifty 
yards  thick,  and  extracting  the  coal  from  each  of  such  panels  in 
succession,  usually  beginning  with  the  one  most  distant  from  the 
shaft,  and  completely  shutting  off  all  communication  with  the  rest 
of  the  mine  as  soon  as  any  panel  is  worked  out.  Large  pillars 
are  at  first  left  between  the  hoards  (which  are  four  yards  wide) 
and  the  transverse  galleries  (two  yards  wide),  and  the  dimensions 
of  the  pillars  are  about  twelve  yards  by  twenty-four.  As  soon  as 
the  galleries  are  finished,  and  the  work  of  removing  the  pillars 
commences,  the  roof  is  at  first  supported  by  stout  props  of  Scotch 
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fir,  and  when  these  are  alao  taken  away,  the  roof  &11b  in ;  but  the 
whole  of  the  wortdngs  are  kept  under  perfect  control  bo  £ir  as 
ventilation  ia  concerned,  and  any  part  can  at  very  short  notice  be 
ehut  off  &om  the  current  of  air  numine;  through  the  whole  mine, 
ehould  Buch  an  arrangement  be  required. 

The  great  advantage  of  Mr.  Buddle'B  plan  ie,  that  while  a  lai^ 
proportion  of  the  ^ole  bed  of  coal  may  be  by  its  means  es- 
tracted,  the  ventilation  is  gener^y  well  preserved,  and  the  riBt  of 
danger  from  accumulationB  of  gas  in  old  workings  almost  entirely 
avoided,  because  these  old  workings  can  be  completely  cut  off 
from  the  mine  ae  soon  as  they  become  in  a  dangerous  state.  The 
technical  name  for  BUch  workings  is  pillar  and  Hall,  or  board  and 
pillar  working. 

990.  Such  being  the  method  of  working  in  mines  where  there 
is  danger  to  be  anticipated  from  the  presence  of  inflammable  or 
erplosive  gases,  let  us  next  shortly  consider  the  nature  of  the 
different  and  simpler  eontrivances  followed  in  those  diatricts  where 
the  co^  is  oatjiery,  and  where  the  associated  beds  ore  sufficiently 
hard  and  coherent  to  support  themselves  without  fear  of  accident. 
These  are  called  lonff-wall  methods. 

In  the  Yorkshire  collieries  there  is  something  of  the  regularity 
observable  in  the  mines  of  the  Newcastle  coal-field,  but  a  greater 
proportion  of  the  coal  is  worked  out  at  first,  and  only  a  wall  of 
coal  is  left.  At  least  two  pits  or  shafts  toe  sunk,  communicating 
with  each  other  by  a  gallery  called  the  drift.  From  the  lower,  or 
engine-pit,  a  gallery  is  cut  on  the  strike,  or  water-level,  and  like- 
wise another  from  the  working-pit,  and  these  are  called  respect* 
ively  the  vmter-gate  and  the  Korge-gate.  From  the  bottom  of  the 
working-pit  a  main  gallery  is  also  driven  on  the  rise  of  the  coal, 
and  this,  which  corresponds  to  the  vanning  headway  of  the  North 
of  England,  is  here  called  the  main  boa^d-gate.  Other  galleries, 
parallel  to  this,  are  also  cut,  and  the  coal  is  then  worked  from  the 
intermediate  pillars,  leaving  only  a  narrow  wiJl,  and  allowing  the 
roof  to  fall  in  after  those  temporary  props  are  removed  which 
supported  it  while  the  works  were  advancing. 

991.  In  Staffordshire,  again,  where  the  seam  of  co^  is  of 
extreme  thickness,  and  consists  in  fact  of  several  beds  united,  the 
method  is  somewhat  different,  as  there  only  a  few  irregular  pillars 
and  an  occasional  wall  of  coal  are  left.  Little  regard  is  here 
paid  to  those  conditions  which  are  justly  considered  as  of  the 
most  vital  importance  in  the  mines  of  the  Newcastle  coal-field. 

992.  The  system  of  ventilation  must,  of  course,  be  nearly  the 
same  in  its  general  plan,  whatever  be  the  nature  of  the  mine  to 
which  it  is  adapted;  and  therefore  in  describing  the  moat  com- 
plicated and  perfect  arrangements  of  this  kind,   as  carried  on 
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in  the  fiery  seams  of  Newcastle  and  its  'neighbourhood,  it  will 
hardly  be  necessary  to  mention  the  smaller  degree  of  the  same 
care  and  attention  paid  in  the  less  dangerous  workings  of  other 
districts. 

Perhaps  it  is  advisable,  before  proceeding  to  give  an  account  of  the  ventila- 
tion  of  coal-mines,  that  the  reader  should  be  made  acquainted  with  some  tech- ' 
nical  terms  often  used. 

A  brattice  is  a  wall  of  separation.  Brattices  are  of  two  kinds ;  eithw  per- 
manent, and  separating  a  shaft  into  two  or  more  divisions,  in  which  case  it  is  a 
strong  parapet  wall,  sometimes  as  much  as  3  feet  thick ;  or  temporary,  and 
consisting  only  of  a  firamework  of  3 -inch  deal,  readily  moved  to  any  part  of 
the  underground  workings.  A  piece  of  tarpauling  will  often  be  found  serving 
the  purpose  of  a  temporary  brattice. 

Stoppings  are  walls  made  of  brick,  stone,  or  timber,  and  their  object  is  to 
prevent  the  current  of  air  from  passing  in  a  given  direction.  They  are  of  con- 
siderable thickness,  and  in  many  cases  consist  of  two  stout  brick  walls,  with 
many  yards  of  rubbish  between  them. 

Trap-doart  are  moveable  substitutes  for  stoppings  in  the  great  thoroughfares 
of  the  workings.  They  are  of  several  kinds ;  as  mainrdoorSf  which  are  in  sets 
of  two  or  three,  and  always  fixed  in  the  strongest  manner,  and  provided  vnth. 
boys  to  open  them  upon  a  signal,  and  take  care  that  two  of  the  same  set  are 
never  open  at  the  same  time.  Man-doors  are  of  small  size,  and  communicate 
with  the  dangerous  parts  of  a  mine.  Sheth-doors  are  those  which  purposely 
allow  a  certain  degree  of  leakage ;  and  sham-doors  are  a  kind  of  trdlis-work, 
only  intended  to  check  the  current  of  air.  Sunng-doors  are  sometimes  placed 
between  two  main-doors. 

The  air-course  \&  a  general  name  for  the  air  traversing  workings  where  ven- 
tilation is  going  on.  The  fresh  air  descending  into  the  mine  is  Cfdled  the  "  in- 
take"  and  that  which  ascends,  after  having  passed  through  the  workings,  is  the 
^^retvm."  A  crossing  is  where  a  current  of  air  crosses  another  current  by 
means  of  an  arch  or  small  tunnel. 

.  That  part  of  a  mine  which  is  not  included  in  the  principal  ventilation  is 
called  the  waste, 

998.  There  are  various  modes  of  inducing  the  current  of  air 
by  which  the  ventilation  of  mines  is  to  be  effected,  but  the  most 
common  is  by  rarefaction,  a  powerful  furnace  being  placed  at  the 
bottom  of  the  upcast  pit.  La  some  cases,  indeed,  it  is  not  con- 
sidered safe  to  resort  to  such  an  expedient  for  the  whole  of  the 
air,  in  consequence  of  the  quantity  of  gas  poured  out  in  the 
workings ;  and  when,  owing  to  this  or  any  other  reason,  the  fur- 
nace cannot  be  used,  a  hot  cylinder  has  been  substituted,  or  a 
current  of  air  produced  by  throwing  a  column  of  water  into  the 
downcast  shaft,  or  by  pumping  out  the  air  by  means  of  an  air- 
pump  or  steam-jet  from  the  upcast ;  but  all  these  are  partial  and 
imperfect  contrivances,  and  have  many  great  disadvantages.  The 
simple  furnace  has  been  proved  by  experience  to  be  the  most 
convenient  method  of  producing  the  required  current ;  and  the 
portion  of  the  air  in  a  dangerous  state  may  be  conveyed  into 
the  upper  part  of  the  shaft  by  a  contrivance  called  the  dmnb 
furnace. 

y5 
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The  effect  of  a  large  fire  at  the  bottom  either  of  a  shaft  or  of 
a  diYision  of  the  shaft  is  to  add  considerably  to  the  rarefaction  of 
the  air  as  it  passes  out  of  the  mine,  and  in  this  way  to  produce  a 
rapidly  ascending  column  of  hot  air,  whose  place  is  immediately 
supplied  by  a  rush  of  cold  air  from  the  surface,  and  this  cold  air 
passing  down  another  pit,  or  another  compartment  of  the  shafb,  and 
through  the  workings,  is  gradually  warmed  and  vitiated,  until  at  last 
it  reaches  the  furnace,  and  itself  becomes  the  ascending  column. 

994.  The  quantity  of  air  passing  into  a  mine  yaries  yery  considerably, 
according  to  the  magnitude  of  the  workings,  and  the  extent  to  which,  the 
down-current  is  distributed  into  different  diyisions  or  panels  of  the  mine.  As 
an  example  sufficient  to  giye  a  dear  idea  of  the  prinaiple  of  yentilation  by 
splitting  the  air  when  underground,  we  may  mention  the  case  of  the  Hetton 
Colliery,  one  of  the  most  extensive  in  the  county  of  Durham,  where  experi- 
ments haye  lately  been  made  which  are  recorded  by  Mr.  N.  Wood*.  In  this 
mine  there  were  two  seams  worked,  and  one  tnat  was  formerly  worked 
— ^two  downcast  shafts  and  one  upcast,  the  former  about  12  feet  and  the  latter 
14  feet  diameter ;  and  three  furnaces  at  the  bottom  of  the  upcast,  each  about 
9  feet  wide,  and  about  4  feet  length  of  grate-bars.  The  depth  of  the  upcast 
and  one  downcast,  160  fathoms,  and  of  the  other  downcast,  176  fathoms. 

The  quantity  of  air  introduced  into  the  mine  by  the  action  of  these  fonaces 
was  168,850  cubic  feet  per  minute,  at  a  cost  of  about  eight  tons  of  coal  per  day. 
The  rate  of  motion  of  the  air  was  1097  feet  per  minute. 

This  whole  current  is  divided  by  splitting  into  sixteen  currents  of  above 
11,000  cubic  feet  per  minute,  having,  on  an  average,  a  course  of  four  miles  and 
a  quarter  each.  The  distance  is,  however,  irregular,  the  greatest  length  of 
course  being  nine  miles  and  one-tenth.  The  effective  velocity  of  the  current 
in  the  actual  workings  of  the  mine  is  much  checked  by  the  multiplication  of 
passages,  the  friction,  and  other  causes,  and  is  thus  reduced  to  from  3  to  5  feet 
per  second ;  the  smaller  quantity  being  about  the  maximum  rate  attainable  by 
the  natural  current  in  a  small  mine,  where  there  will  generally  be  from  1  to  3 
feet.  It  has  been  estimated  that  the  Tyiim'Tmim  quantity  of  fresh  air  required 
for  the  support  of  life  in  a  mine  is  about  15  or  18  cubic  feet  per  minute  fbr 
each  man  employed. 

995.  The  current  of  air  once  obtained,  is  conducted  through 
the  passages  of  the  mine  by  various  contrivances,  consisting  of 
permanent  stoppings  of  brick  and  rubbish,  temporary  doors  and 
brattices,  or  pai'titions,  and  partial  orifices  or  scalmgs.  The  ar- 
rangement of  these  is  a  matter  of  detail,  varying  in  each  mine, 
and  often  in  different  parts  of  the  mine :  it  depends  also  consider^- 
ably  on  the  mode  of  working  adopted. 

996.  Having  said  so  much  on  the  methods  of  ventilating  coal- 
mines, we  may  conclude  with  a  few  words  descriptive  of  the 
process  actually  followed  by  the  miner  in  extracting  the  coal. 

The  working  tools  of  the  collier  are  few  and  simple,  and  consist 
chiefly  of  different  forms  of  the  pick,  the  most  useml  of  which  is  a 
kind  of  mattock,  with  both  ends  of  the  head  pointed.     Besides 

*  Report  of  Lords^  Committee  on  Accidents  in  Coal  Mines.  1849.    Qu.  1816  et  seq. 
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this,  chisels  of  various  kinds,  crowbars,  hammers,  and  wedges, 
make  up  almost  the  whole  list. 

The  coal  is  in  almost  all  cases  readily  detached  by  blasting,  and 
is  then  easily  broken  up  into  cubical  masses  by  taking  advantage 
of  the  natural  joints  or  vertical  cracks  which  traverse  it,  and 
which  occur  generally  in  sets  parallel,  and  at  right  angles  to  one 
another.  Besides  these,  the  coal  is  also  characterized  by  what  are 
called  partifMs,  parallel  to  the  stratification  of  the  beds.  The 
usual  method  of  getting  the  coal  is  by  blasting*,  and  this  is  effected 
by  piercing  the  lower  part  of  the  seam  with  a  hole  about  an  inch 
in  diameter  and  a  yard  deep,  into  which  the  charge  is  inserted  in 
cartridges,  and  the  hole  is  afterwards  plugged  with  coal-dust. 
When  the  blast  has  been  fired,  the  coal  is  broken  up  by  the 
hewer,  who  is  usually  paid  according  to  the  number  of  tubs  or 
corves  he  is  able  to  ml.  These  corves  are  conveyed  on  tram-roads 
through  the  mine,  and  ultimately  lifted  by  machinery  to  the  sur- 
fiEice.  The  men  employed  in  actually  getting  the  •  coal  are  called 
hewergy — the  loaded  waggons  or  corves  are  conveyed  along  the 
tram  by  lads  called  putters,  as  far  as  the  principal  galleries,  or 
headways,  and  are  there  received  into  waggons  called  rollers, 
several  of  which  being  attached  together,  they  are  drawn  by  a 
horse  to  the  bottom  of  the  shaft. 

997.  Miners  are  generally  lighted  by  candles,  which  they 
carry  with  them  and  attach  to  the  wall  of  coal  near  their  work, 
by  a  fragment  of  soft  clay.  Since  however  it  happens  that  all 
bituminous  coal  contains  a  certain  proportion  of  inflammable  gas, 
usually  carburetted  hydrogen  (or  jtre-dimtp),  which,  is  given  off  on 
the  exposure  of  a  fresh  surface  of  the  coal,  and  is  often  pent  up 
in  crevices  and  set  free  hj  ordinary  workings,  or  by  an  accidental 
arrival  at  a  flEkult, — and  since,  too,  this  gas  is  explosive  in  certain 
states  of  mixture  with  atmospheric  air,  a  considerable  risk  is  thus 
incurred,  which  has  too  often  resulted  in  accidents,  amongst  the 
most  frightful  that  can  be  imagined.  Attempts  have  been  made 
at  various  times  to  remedy  the  evil  by  the  introduction  of  lights 
which  should  not  explode  tne  gas ;  and  of  all  contrivances  of  this 
kind  the  lamp  invented  by  Sir  Humphry  Davy,  and  thence  called 
**  the  Davy-lamp,"  is  the  most  generally  adopted,  and  on  the  whole 
the  most  effectual. 

998.  The  composition  of  the  inflammable  gas  exuded  firom  coal  and  present 
in  coal-mines,  is  a  matter  too  important  to  be  passed  over  without  notice.  We 
append  the  latest  and  most  careriil  analysis  oi  specimens  of  this  gas,  collected 

*  In  some  cases  the  coal  has  to  be  obtained  without  blasting,  owing  to  the  quantity  of  inflam- 
mable gas  that  is  present,  and  some  kinds  of  coal  are  too  much  broken  by  the  explosion  to 
render  tnat  process  desirable.  In  such  cases  the  coal  is  first  underholed,  by  removing  with  the 
pick  the  lower  part  of  the  seam,  as  far  in  as  can  be  reached,  and  then  by  wedges  at  the  top  of  the 
seam  large  blocks  are  easily  brought  down. 
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by  Mr.  J.  Hutchinson,  from  Giiteshead  and  Killingworth  Colliery  (Newcastis 
coal-field),  the  former  from  the  Five-quarter,  and  the  latter  from  the  Bensham 
seam.    The  analyses  are  by  Professor  Ghraham*. 

Gateshead.  Killingworth. 

Spedifio  gravity 0*5802  0*6406 

Carburetted  hydrogen  gas    94*2  82*5 

Nitrogen 5*6  16*5 

Oxygen  1*3  1-0 

1000  100*0 


The  proportion  of  carburetted  hydrogen  gaa,  or  fire-damp,  necessary  to  be 
mixed  with  atmospheric  air,  in  order  to  render  it  explosible,  is  about  one-four- 
teenth part.  With  this  admixture  there  is  danger,  and  the  danger  increases  as 
more  fire-damp  is  added,  until  the  mixture  reaches  its  maximum  of  explosi- 
bility,  at  which  time  the  proportion  varies  from  one-ninth  to  one-eighth.  The 
risk  of  explosion  is  not  so  great  when  there  is  a  larger  quantity  of  the  noxious 
gas,  and  when  as  much  as  one-fourth  part  of  the  mixtmre  is  composed  of  it,  it 
will  no  longer  explode,  but  begins  to  be  inflammable. 

999.  The  principles  involved  in  the  construction  of  the  D(wy- 
lamp  are  simple,  being  first,  that  no  mixture  of  the  fire-damp  with 
common  air,  however  dangerous,  conveys  an  explosion  tlirough 
tubes,  the  diameter  of  which  is  less  than  about  one-eighth  of  an 
inch ;  and,  secondly,  that  these  explosive  mixtures  need  a  much 
stronger  heat  for  their  explosion  than  mixtures  of  common  inflam- 
mable gas,  since  neither  charcoal  nor  iron  at  a  red  heat  will  pro- 
duce this  effect,  which  requires,  indeed,  that  iron  be  raised  to  a 
white  heat.  Pursuing  this  discover}'',  Sir  H.  Davy  found  that  the 
length  of  the  small  tubes,  in  which  it  was  impossible  to  explode 
dangerous  gases,  was  a  matter  of  indifference,  and  that  a  metallic 
gauze,  in  which  this  length  was  merely  the  thickness  of  a  ^e 
wire,  was  quite  sufficient  for  the  purpose. 

It  will  be  evident,  therefore,  that  by  surrounding  the  light  of  a 
lamp  entirely  bv  wire-gauze  whose  meshes  are  sufficiently  small, 
any  explosion  that  may  take  place  within  the  lamp  will  not  be 
communicated  to  the  outside,  and  the  lamp  may  be  safely  carried 
where,  otherwise,  approach  would  be  impossible.  The  size  of  the 
mesh  for  this  purpose  is  from  ^jJg^th  to  ^th  of  an  inch,  and  twenty- 
eight  wires,  or  784  apertures  to  the  square  inch,  are  found  a  de- 
fence perfectly  sufficient.  It  should,  however,  be  distinctly  un- 
derstood, that  even  such  a  lamp  ought  not  to  be  used  carelessly  in 
any  dangerous  atmosphere ;  for,  although  perfectly  secure  whe^ 
at  rest,  it  is  certain  that  a  rapid  motion,  such  as  would  be 
communicated  by  the  swing  of  the  arm  during  a  hurried  transit 
through  the  mine,  might  produce,  and  possibly  has  produced,  an 
explosion.     The  principal  objection  to  the  Davy-lamp,  and  indeed 

*  Mem.  of  Chem.  Soc.  of  London,  vol.  Hi.  p.  7* 
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to  all  the  other  safety-lamps,  arises  &om  the  small  quantity  of 
light  diffused,  and  the  consequent  dislike  of  the  miners  to  it.  No 
contrivance,  however  perfect,  can  by  possibility  exclude  the  chance 
of  accident,  and  the  gross  and  almost  inconceivable  carelessness 
of  men  whose  daily  occupation  leads  them  into  the  most  immi- 
nent danger  cannot  be  overcome,  and  can  with  great  difficulty  be 
understood  by  those  not  in  the  habit  of  constant  communication 
with  them. 

1000.  The  quantity  of  carburetted  hydrogen  gas  poured  out  into 
the  workings  of  some  mines  is  very  considerable  and  constantly 
varying.  Some  seams  of  coal  are  much  more  full  of  gas  than 
others,  and  in  working  these,  which  are  technically  called  fiery 
seamsy  it  is  not  uncommon  for  a  jet  of  inflammable  air  to  issue  out 
at  every  hole  made  for  the  reception  of  the  gunpowder  previously 
to  blasting.  In  the  celebrated  WaUsend  Colliery,  in  an  attempt 
made  to  work  the  Bensham  seam  (an  attempt  terminated  by  a 
fearful  accident),  Mr.  Buddie  says,  in  evidence  before  a  Committee 
of  the  House  of  Commons*, "  I  simply  drilled  a  hole  into  the  solid 
coal  and  stuck  a  tin  pipe  into  the  aperture,  surrounded  it  with 
clay  and  lighted  it,  and  i  had  immediately  a  gas  light ;  the  quan- 
tity evolved  from  the  coal  was  such,  that  in  every  one  of  those 
places  I  had  nothing  to  do  but  to  set  a  candle  and  then  could  set 
a  thousand  fissures  on  fire ;  the  whole  face  of  the  working  was  a 
gas-pipe  from  every  pore  of  the  coal."  After  a  mine  has  been  for 
some  time  opened,  the  gas  drains  off,  at  least  partially,  and  the 
danger  from  this  cause  diminishes. 

1001.  But  besides  the  gas  thus  steadily  and  constantly  forced 
into  the  workings  of  a  mine  by  a  fiery  seam  of  coal,  there  is  always 
danger  of  sudden  discharges  as  if  from  great  reservoirs,  rushing 
out  from  some  fissure  or  small  opening  in  large  quantity  and  with 
considerable  noise. 

These  jets  are  met  with  in  mines  perfectly  ventilated,  and  they 
occur  sometimes  from  the  roof,  sometimes  from  the  floor  of  the 
mine,  and  stiU  more  frequently  when  small  faults  are  reached  in 
the  course  of  working.  Several  collieries  in  the  North  of  England 
are  remarkable  for  constant  discharges  of  tliis  kind,  which  are 
collected  and  conveyed  by  a  tube  the  nearest  way  to  the  upcast 
shaft. 

1002.  The  introduction  of  the  Davy-lamp,  as  an  ordinary  light 
for  fiery  mines,  is  a  matter  of  great  importance ;  and  it  requires 
to  be  considered  first,  whether  it  is  practicable ;  secondly,  whether 
it  would  be  absolutely  effectual ;  and  thirdly,  whether,  even  if  not 
absolutely  effectual,  it  is  still  on  the  whole  advisable.  These  are 
all  points  that  ought  to  be  carefuUy  investigated  ;  since,  if  advisa- 

*  Parliamentary  Report.    Accidents  in  Mines,  1826.    Minutes  of  Evidence,  Qu.  2095. 
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ble,  then  it  is  clear  that  the  use  of  the  lamp  should  be  generally 
enforced,  under  heavy  penalties.  Let  us  consider  the.  chief  cir- 
cumstances of  the  case : — 

It  is  certainly  practicable.  In  the  Wallsend  pit  there  were,  at 
one  time,  130  l)avies  in  constant  daily  use.  It  is  true  that  they 
show  a  slight  diminution  of  light  as  compared  with  candles ;  but 
this  is  not  sufficient  to  prevent  the  men  from  preferring  to  work 
with  the  Davy  at  the  same  wages  where  the  coal  is  more  easily 
broken  (more  tender)  in  consequence  of  the  pressure  of  the  roof 
on  the  pillars.  In  some  of  the  Prussian  and  Bel^;ian  mines,  and 
in  one  (the  "Walker  Colliery)  in  the  Newcastle  district,  no  open 
lights  whatever  are  used.  Li  neither  case  have  accidents  hap- 
pened which  could  not  be  at  once  satisfactorily  explained ;  and  in 
the  mines  on  the  Saare,  in  Germany,  which  are  very  fiery,  several 
hundred  safety-lamps  have  been  m  use  for  twenty- two  years, 
during  which  time  only  two  explosions  have  occurred.  In  one  of 
them  three  meshes  of  the  gauze  had  been  destroyed  by  the  heat ;  in 
the  other,  there  had  been  a  fall  of  the  roof  of  several  tons,  which 
had  broken  the  lamp. 

To  use  Davy-lamps  entirely,  in  fiery  mines  in  the  Newcastle 
coal-fields,  would  also  be  a  very  trifling  expense;  not,  indeed, 
amounting  to  more  than  a  few  hundred  pounds  a  year  in  any 
mine.  All  that  is  needed  is  an  ample  supply  of  good  lamps ;  a 
few  quick-sighted  steady  men  to  give  out  the  lamps  to  the  hewers, 
and  lock  them  after  examining  each  gauze,  and  to  receive  them  at 
the  close  of  the  work*. 

*  The  regulations  in  the  WaUaend  Colliery  are  sufficient  to  show  the  perfectly  practicable 
nature  of  an  arrangement  of  this  kind,  and  are  produced  here  as  a  useful  illustration. 

Orders  respecting  the  Davff  Lamps  in  use  at  Wallsend  CoUiery. 

1 .  No  workman  of  any  description,  whether  overman,  deputy,  hewer,  or  any  one  whatever,  is 
allowed  to  use  a  lamp  in  the  broken,  without  its  having  been  previously  examined  and  locked  by 
the  lamp-keeper  or  deputy. 

2.  No  one  having  dutrge  of  a  Davy-lamp  is  allowed  to  interfere  with  it,  in  any  way  whatever, 
beyond  the  necessai^  trimming  of  the  wick. 

3.  Should  any  accident  happen  to  the  lamps  whilst  in  use,  b^  which  either  the  oil  is  spilt  upon 
the  gause,  or  in  an^  other  way  rendered  unsafe,  they  are  to  be  immediately  taken  to  the  iDavy  ooy 
at  the  station  appomted  by  the  viewer  of  the  colliery,  and  not  again  used  until  they  have  been 
properly  cleansed  and  examined  by  the  lamp-keeper  or  deputy. 

4.  In  case  of  any  sudden  disdiarge  of  gas,  by  which  the  lamps  may  become  filled  with  fire^  it  is 
strictly  ordered  that  all  lamps  are  to  be  instantly  withdrawn,  and  not  again  introduced  until  the 
workings  are  pronounced  safe  by  the  overman  or  deputy  in  charge  of  the  pit. 

5.  In  case  of  anv  person  having  charge  of  a  Davy-lamp  losing  his  light,  he  is  immediately  to 
take  it  himself  to  tne  Davy  boy,  and  is  not  allowed  to  send  it  by  any  other  person,  and  is  not  to 
remove  any  of  the  stationary  lamps  in  the  going  boards,  as  that  will  deprive  tiie  putters  of  their 
light. 

6.  Smoking  tobacco  is  strictly  prohibited  in  the  broken ;  and  persons  wishing  to  smoke  must 
come  to  the  out-by  side  of  the  lamp  station,  and  on  no  account  attempt  it  in  the  workings. 

7.  No  candle  or  naked  light  to  be  taken  nearer  the  broken  than  the  lamp  station. 

8.  No  putters,  way-cleaners,  stone-iads,  drivers,  or  others,  are,  under  any  pretext  whatever,  to 
carry  a  lamp  during  their  work.  A  sufficient  number  of  lamps  will  be  hung  m  the  going  boards 
and  waggon- way,  to  prevent  the  necessity  of  boys  carrying  lamps. 

9.  It  IS  particularly  requested  that  any  person  witnessing  any  improper  treatment  of  the  lamp, 
or  any  other  infringement  of  these  orders,  by  the  boys  or  others,  will  immediately  give  informa- 
tion to  the  overman  or  deputy  in  charge  of  the  pit ;  and  as  information  of  any  neglect  or  improper 
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1008.  But,  in  the  next  place,  it  will  be  asked,  whether  the  use 
of  the  Davy-lamp  is  an  absolute  safeguard;  and  this  question 
must  be  answered  in  the  negative,  since,  as  we  have  already  seen, 
accidents  may  possibly  occur,  in  two  or  three  ways,  even  if  the 
Davy  is  in  good  condition,  and  is  being  fairly  used.  Sir  H.  Davy 
himself  was  aware  of,  and  stated  this  fact. 

The  circimistances  under  which  the  lamp  is  liable  to  accident 
are,  however,  these  : — Ist.  Exposure  to  a  jet  of  gas,  whether  ex- 
plosive or  pure,  after  the  carbonic  acid  gas  at  the  bottom  of  the 
lamp  has  been  removed.  This  is  readily  illustrated  by  forcing 
the  gas  issuing  from  a  common  street  pipe  through  the  sides  of 
the  lamp  in  a  burning  state.  2nd.  Exposure  to  a  mixture  of  sul- 
phuretted hydrogen,  of  pure  hydrogen,  or  of  olefiant  gas,  with  the 
light  carburetted  hydrogen,  as  it  is  commonly  found  in  mines. 
It  is  said  by  some  chemists  that  these  gases  are  occasionally  pre- 
sent in  coal-mines ;  but  we  have  the  authority  of  Henry,  Thomson 
and  Davy,  and  more  recently  of  Professor  G-raham  and  Dr.  Lyon 
Playfair,  for  stating  that  they  are  not  found  in  the  explosive  gases 
of  the  North  of  England,  or  elsewhere  as  examined  by  them. 
3rd.  By  the  burning  of  small  fragments  of  coal  adhering  to  the 
gauze.  This  is  rather  assumed  as  possible  than  distinctly  known. 
It  was  tried  by  Davy  with  street  gas,  but  the  result  was  doubtful. 
4th.  By  the  falling  of  fragments  of  coal,  &c.,  from  the  roof,  and 
consequent  breaking  of  the  lamp.  These  are  all  cases  in  which 
the  Davy-lamp  may,  it  is  said,  be  the  means  of  causing  an  accident 
from  explosion ;  and  some  of  them  would  be  avoided  by  the  use  of 
the  improved  lamps  of  various  kinds.  On  the  other  hand,  it  may 
be  said  that  the  experiments  made  by  mixture  of  street  gas  with 
common  air  are  not  altogether  satisfactory,  since  the  gas  produced 
from  the  distillation  of  coal  is  more  explosive  than  common  coal 
gas  in  mines,  and  is  explosive  at  lower  temperatures.  It  requires 
that  careful  comparative  experiments  should  be  made  with  speci- 
mens obtained  from  mines,  in  order  to  determine  this  and  other 
points  of  the  same  kind. 

1004.  "With  regard  to  the  relative  value  of  the  different  safety- 
lamps  that  have  been  introduced,  the  shielded  Davy  may  be  said 
still  to  keep  its  place.  In  its  great  simplicity,  its  proportions 
and  portability,  and  in  its  being  the  best  known  to  the  miner, 
this  lamp  must  be  considered  to  possess  many  advantages  over 
any  other ;  and  it  may  be  doubted  whether  a  greater  degree  of 
safety  is  really  and  effectually  produced  by  any  other  contri- 

treatment  of  the  lamp  is  absolutely  necessary  for  the  better  protection  against  accident,  a  reward 
of  ten  shillings  will  be  paid  by  the  owners  to  the  informer,  on  the  conviction  of  the  offending 
party. 

10.  Any  person  being  convicted  of  breaking  any  of  the  above  rules,  to  be  summoned  before  a 
magistrate,  or  disclutrged,  at  the  option  of  the  viewer  of  the  colliery. 
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vance*.  It  has  been  now  used  for  nearly  forty  years,  and  in  almost 
every  case  where  danger  was  known — and  how  frequent  these  cases 
are,  those  only  are  aware  who  have  visited  the  mines  themselves. 
It  has  been  trusted  implicitly,  even  to  folly,  by  the  superior  officers 
of  the  mines,  in  thousands  and  tens  of  thousands  of  doubtful  cases, 
and  where  it  was  well  known  that  explosive  mixtures  existed.  In 
by  far  the  greater  number  of  the  two  hundred  pits  in  the  Newcastle 
coal-fields,  the  proper  officer  proceeds  at  least  once  everv  day,  with 
this  instrument,  through  the  districts  actuaUy  worked,  before  they 
are  visited  by  the  men ;  and  every  week  or  fertnight  through  the 
rest  of  the  mine  where  the  gas  is  most  likely  to  accumulate.  And 
if  occasionally — and  it  is  a  very  rare  case — ^there  has  been  an  ex- 

?losion  where  no  other  cause  could  be  fairly  assigned  than  the 
)avy-lamp,  we  ought  not  to  leave  out  of  consideration  the  innu- 
merable instances  in  which  it  has  proved  itself  to  be,  when  pro- 
perly used,  a  sufficient  safeguard. 

1005.  Explosions  in  coal-mines  from  fire-damp  have,  for  many 
years  past,  become  of  serious  importance,  from  their  frequency, 
and  the  large  number  of  lives  often  sacrificed.  They  occur  in  all 
our  coal-fields,  and  are  certainly  not  less  numerous  now  than 
formerly.  Any  facts  concerning  them  are  interesting,  and  may 
be  important;  so  that  the  following  details  of  upwards  of  one 
hundred  recorded  explosions  may  be  acceptable.  Of  these  explo- 
sions, eighty-two  happened  on  four  days  of  the  week,  and  nineteen 
only  on  the  remainmg  three ;  the  order  being  as  follows : — ^Tues- 
day,  twenty-five  ;  Friday,  twenty ;  Monday,  nineteen ;  Thursday, 
eighteen;  Saturday,  eight;  Wednesday,,  six;  and  Sunday,  five. 
Out  of  sixty-three  whose  dates  are  known,  twenty-nine  occurred 
in  the  four  months  from  September  to  December,  both  inclusive ; 
and  thirty-four  in  the  remaining  eight  months.  Out  of  thirty,  as 
ma^  as  twenty-three  were  when  the  wind  was  either  N.W.,  W., 
S.  W .,  or  S.,  and  only  seven  when  the  wind  was  from  the  remain- 
ing quarters ;  most  of  these  (five  out  of  the  seven)  being  when 
the  wind  was  S.E.  Other  statistical  facts  have  been  recorded,  but 
no  general  conclusion  seems  derivable. 

1006.  But  coal-mine  accidents  are  not  confined  to  explosions ; 
and  water  as  well  as  air  becomes  sometimes  a  dangerous  enemy. 

As  an  instance  of  this,  in  the  year  1815  seventy-five  persons 
were  drowned  in  the  Heaton  Mam  Colliery;  the  old  workings 

*  The  Mueaeler  lamp,  highly  appreciated  in  Belgittm,  is  greatly  more  complicated  than  the 
Davy,  and  has  not  been  much  used  in  this  country.  A  part  of  the  gauze  is  replaced  with  glass, 
and  there  is  a  small  chimney  within  the  lamp,  preventing  explosions  of  a  dangerous  atmosphere 
from  taking  place  inside.  More  light  is  gpiven,  but  the  lamp  is  heavy,  and  seems  likely  to  get. 
out  of  order.  Many  other  ingenious  contrivances  have  been  suggested — ^all,  no  doubt,  improve- 
ments, in  one  sense,  of  the  Davy,  but  none  of  them  so  universallv  applicable.  The  Geordie,  as 
it  is  called,  has  a  glass  defence  outside  an  ordinary  Davy ;  and  this  form,  adapted  by  Mr.  George 
Stephenson  the  celebrated  engineer,  is  still  used  in  the  Killiagworth  pit,  where  he  worked. 
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of  another  colliery  in  which  the  water  had  accumulated  rushing 
into  the  works,  which  were  earned  on  in  ignorance  of  the  proxi- 
mity of  these  old  mines.  Accidents  of  tins  kind  have  also  fre- 
quently happened  in  other  coal-fields ;  and  some  years  ago  one  of 
the  prmcipal  collieries  of  "Whitehaven,  carried  on  under  the  bed 
of  the  ocean,  was  suddenly  and  completely  destroyed  by  the  in- 
cursion of  the  sea  into  the  workings. 

One  of  the  most  important  of  the  accidents  of  this  kind  on 
record  occurred  in  1833,  in  an  extensive  Scotch  colliery,  of  which 
the  workings  were  so  much  injured  by  the  irruption  of  a  river  into 
them  as  to  be  aftenirards  almost  useless. 

On  the  20th  of  Jmie,  in  the  year  above-mentioned,  two  gentle- 
men fishing  in  the  river  Gamock,  observed  nearly  opposite  to 
where  they  were  standing  a  slight  eruption,  which  they  supposed 
at  first  was  occasioned  by  the  leap  of  a  salmon ;  but  a  gurgliag 
noise  which  succeeded  led  them  to  suspect  that  the  water  had 
broken  into  one  of  the  coal-mines  surrounding  the  spot.  "With 
this  idea  they  hastened  to  the  nearest  pit-mouth  to  give  warning ; 
but  their  notice  was  neglected,  as  too  improbable  to  be  worth 
attending  to.  Before  long  the  workmen  were  found  to  be  making 
their  way  to  the  bottom  of  the  shaft,  several  of  them  being  up  to 
their  necks  in  water  when  they  reached  it.  All  of  them,  however, 
escaped  with  life ;  and  as  soon  as  they  reached  the  surface  they 
proceeded  to  check,  if  possible,  the  rush  of  water  into  the  mine, 
by  filling  the  cavity  in  the  bed  of  the  river  with  straw,  clay,  &c. ; 
but  their  efforts  were  vain,  for  the  water  continued  to  pour  in 
steadihr  till  the  following  afternoon,  when  a  large  space  of  the 
bed  of  the  river  was  broken  through,  and  the  whole  Dody  of  the 
stream  was  in  a  short  time  engulfed,  its  bed  being  left  dnr  for 
more  than  a  mile.  The  river  was  affected  by  the  tides,  and  this 
engulfment  took  place  at  low  water;  but  as  the  tide  rose  the 
sea  entered  with  prodigious  force,  and  the  sight  was  impressive 
beyond  description ;  the  water  continuing  to  pour  in,  till  the 
whole  works,  extending  for  many  miles,  were  completely  filled,  and 
the  river  resumed  its  ordinary  appearance. 

No  sooner,  however,  had  this  taken  place,  than  the  pressure  of 
the  water  in  the  pits  became  so  great,  that  the  confined  air,  which 
had  been  forced  back  into  the  high  workings,  burst  through  the 
surface  of  the  earth  in  a  thousand  places,  and  many  acres  of 
ground  were  seen  to  bubble  up  like  the  boiling  of  a  caldron. 
Great  quantities  of  sand  and  water  were  also  thrown  up  like 
showers  of  rain,  during  a  period  of  five  hours ;  and  an  extensive 
tract  of  land  was  laid  under  water,  by  which  from  five  to  six  hun- 
dred persons  were  entirely  deprived  of  employment. 

1007.  Many  other  accidents  occur  besides  those  of  fire  and 
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water,  and  some  of  them  are  occasionally  fiEital ;  but  as  they  are, 
for  the  most  part,  dependent  on  local  circumstances,  and  must  be 
looked  on  rather  as  ordinary  casualties,  which  cannot  be  entirely 
prevented,  and  belong  more  or  less  to  all  kinds  of  employment,  i 
shall  not  here  detain  the  reader  by  dwelling  upon  them. 

Those  connected  with  the  imperfection  of  machinery — such  as 
the  bursting  of  steam-boilers,  the  breaking  of  rope's,  disarrange- 
ment of  the  winding  machinery,  and  others— are  graduaUy  be- 
coming  fewer,  and,  with  proper  care,  may  be  reduced  to  a  veiy 
small  number ;  but  as  long  as  coal-mines  continue  to  be  worked, 
so  long  will  there  be  a  succession  of  victims  to  the  fire-damp,  a 
"monster"  which  no  art  of  man  is  ever  likely  to  render  harmless. 

1008.  It  can  scarcely  be  necessary  to  point  out  to  the  reader 
the  vast  importance  of  coal  in  all  parts  oi  the  world,  and  the  in- 
terest of  every  one  to  discover  and  make  use  of  such  stores  of 
wealth,  when  they  exist  beneath  the  surface  of  the  earth. 

In  a  countnr  like  England,  deprived  of  any  large  quantity  of 
wood  by  the  advance  of  civilization  and  the  replacement  of  forests 
by  corn-fields,  where  should  we  obtain  means  for  enduring  the  in- 
clemency of  the  weather,  or  enjoying  any  comforts  at  our  homes, 
if  it  were  not  for  the  supplies  of  this  material,  conveyed  along 
our  shores  by  niimerous  ships,  and  transported  on  every  Hne  of 
railway  ? 

But  we  must  look  further.  Where  would  be  our  manufactures 
— where  would  be  our  iron,  the  staple  of  all  manufactures,  if  there 
were  not  abundant  and  cheap  supplies  of  valuable  fuel  where  the 
ores  of  this  metal  occur  ? 

"Without  coal,  could  this  country  have  advanced  beyond  its 
condition  many  centuries  ago — could  there  have  been  education — 
could  there  have  been  printed  books  available  for  the  multitude — 
could  there  have  been  food  and  raiment  for  ourselves — or  could 
science  have  advanced  ?  Must  not  England  have  remained  in  the 
background,  its  inhabitants  unable  to  exercise  that  intellectual 
activity  which  they  have  exerted  in  placing  their  country  in  ad- 
vance of  the  whole  world  ? 

Without  coal  there  could  have  been  no  extensive  use  of  steam, 
even  if  the  vast  power  of  that  agent  had  been  discovered.  With- 
out steam  and  iron,  where  shotdd  we  now  be  in  the  advance  of 
civilization  over  the  world?  Coal  is  indeed  the  indispensable 
food  of  all  industiy.  It  is  a  primary  material,  by  whose  aid  we 
engender  force,  and  obtain  power  sufficient  for  any  purpose  that 
has  yet  been  imagined. 

1009.  Marvellous  indeed  are  the  results  obtained  from  those 
materials  which  form  the  great  carboniferous  series  of  deposits 
as  developed  in  England.     In  a  small  strip  of  country,  in  an  area 
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of  lees  than  six  or  eight  thousand  square  miles,  which  in  some 
parts  of  Europe  would  be  passed  over  ahnost  without  remark  by 
the  practical  man,  the  politician,  and  the  statistician — ^we  find 
grouped  together  a  multitude  of  large  towns,  a  population  of  some 
miUions  of  people,  having,  perhaps,  more  influence  on  the  comforts 
of  civiHzed  man  throughout  the  world  than  could  elsewhere  be  found 
in  a  space  often  times  that  amount.  Nor  is  this  all.  The  other  great 
manufacturing  and  commercial  towns  of  England,  with  the  ex- 
ception of  the  capital,  are  similarly  placed  with  reference  to  geo- 
logical position.  The  coal  and  iron  of  the  carboniferous  rocks 
form  still  the  magnet  towards  which  the  other  desirable  things 
of  this  world  are  attracted,  and  they  determine  the  growth  and 
well-being  of  towns,  not  only  in  England,  but  elsewhere  on  the 
continent  of  Europe,  and  in  America  also.  In  France,  Belgium, 
and  Germany,  we  everywhere  see  towns  rising  up  into  manufac- 
turing importance,  where  fuel  and  iron  exist  beneath  the  soil ;  and 
rarely  indeed  has  it  been  found  possible  to  produce  any  great  im- 
provement in  these  respects,  except  where  Nature  has  pre-ordained 
it  by  giving  these  sources  of  true  riches.  It  is  now  well  known, 
that,  however  valuable  in  themselves  other  rarer  natural  products 
may  be,  enormously  greater  benefit  arises  to  a  people  from  the 
possession  of  those  materials  which  either  enter  into  every  manu- 
facture, and  are  sources  of  power,  or  which  are  greatly  increased 
in  value  by  being  subject  to  many  processes  to  render  them  more 
generally  useful,  without,  at  the  same  time,  causing  them  to  be 
taken  out  of  consumption*. 

6.  Iron  Mining, 

1010.  The  common  ores  of  iron  in  the  British  Islands  are  regu- 
larly bedded  either  with  the  coal-measures  or  with  rocks  of  some- 
what newer  date,  and  are  worked  very  much  in  the  same  manner  as 
thin  seams  of  coal,  near  which  they  are  often  found.  Of  the  earthy- 
carbonates  there  are  two  kinds,  the  clay  band  and  the  black  band, 
the  latter  much  richer  in  iron  than  the  former,  and  usually  con- 
taining a  sufficient  quantity  of  coal  to  allow  of  its  being  roasted 
without  the  addition  of  much  fuel.  Its  black  colour  is  derived 
from  the  presence  of  coal,  and  the  aspect  of  this  and  of  some  of  the 
clay  ores  is  so  unlike  that  of  iron  ores  elsewhere,  that  some  ex- 
perience is  needed  to  detect  their  presence.  They  are  chiefly 
valuable  where  they  can  be  worked  with  or  near  coal,  and  near  the 
limestone  which  is  required  as  flux  in  smelting  the  ore.  Hence  it 
is  that  the  Scotch  seams  of  black  band  and  clay  band,  although 
often  unprovided  with  other  than  thin  beds  of  bad  coal,  have  de- 
rived their  importance.     The  Scotch  carboniferous  series  includes 

*  Antted's  "  Geological  Science/'  pp.  34fr-249. 
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seyeral  distinct  beds  of  excellent  limestone,  worked  in  the  same 
pits  with  coals  and  ironstone.  Valuable  ores  of  iron  are  obtained 
in  England,  not  only  from  the  coal-measures,  but  also  from  the 
older  rocks  of  Devon  and  Cornwall,  from  the  Lower  carboniferous 
roeks  of  Lancashire,  Durham,  Cumberland,  and  elsewhere,  and 
also  from  the  New  red  sandstone,  the  Lias  and  the  Oolites.  Simi- 
lar deposits  exist  in  the  Lower  greensand. 

1011.  The  extreme  importance  of  the  iron  manufacture  in  Eq- 
gland,  Wales  and  Scotland  at  the  present  time,  and  the  growing 
necessity  of  discovering  fresh  sources  of  supplj^  of  iron  ores  of 
fair  quality,  conveniently  situated  for  smelting,  justify  the  inser- 
tion here  of  a  brief  account  of  the  principal  ores  at  present  ob- 
tained in  the  British  Islands.  Their  value  can  only  be  estimated 
by  taking  into  account  the  circumstances  under  which  they  occur, 
the  vicinity  of  coal  to  bum,  and  lime  to  flux  them  ;  the  existence 
or  otherwise  of  railway,  canal,  or  ship  communication  close  at 
hand ;  the  cost  of  labour ;  the  relative  facility  of  extraction  from 
the  bed ;  and  numerous  other  points.  Thus  in  some  cases  a  band 
of  ironstone  of  2  inches,  or  even  less,  will  pay  well  for  extraction, 
while  elsewhere  10  or  12  inches  of  the  same  kind  of  ore  would 
be  valueless. 

1012.  The  ironstones  (oxides  of  iron)  obtained  from  Devon  and 
Cornwall,  and  largely  exported  thence  to  the  iron-making  districts, 
are  found  in  true  veins,  and  do  not  properly  belong  to  the  present 
chapter.  Those  called  spathose  (sparry  carbonates  of  iron)  are  chiefly 
from  veins  containing  more  or  less  lead.  The  hematites  occur  in  large 
cavities  or  clefts  in  the  carboniferous  limestone,  existing  sometimes 
in  deposits  of  enormous  magnitude  in  the  North  of  iSigland,  and 
also  lound  in  the  southern  part  of  the  South  Welsh  coal-field.  The 
clay  ironstones  (black  and  yellow  argillaceous  ores  often  with  car- 
bon, and  consisting  of  impure  carbonates  and  oxides)  are  found  in 
England  and  Wales  in  the  beds  overlying  the  carboniferous  lime- 
stone, and  in  Scotland  throughout  the  whole  carboniferous  series. 

1013.  The  hsematite  of  Whitehaven  lies  in  masses  of  irregular 
dimensions,  varying  in  thickness  up  to  as  much  as  60  feet,  and  is 
for  the  most  part  a  dense  mass  of  red  ore,  subdivided  by  irregu- 
lar and  nearly  vertical  joints.  Kidney  iron  ore,  quartz  crystals, 
calc-spar  and  arragonite  are  occasionsdly  found  in  cavities.  The 
underlying  rock  is  generally  a  shale,  but  there  is  often  a  thin 
pebble  conglomerate  intervening.  Limestone  overlies  the  haematite 
as  a  roof.  It  has  been  supposed  that  the  haematite  is  bedded,  hi^ 
this  is  highly  improbable,  and  it  most  probably  occupies  hollows 
produced  in  the  limestone  by  contraction,  elevation,  and  subsequent 
wearing  away  by  water.  When  the  ore  is  worked  as  a  mine, 
galleries  are  driven  out  from  the  shaft  14  or  15  feet  in  height. 
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forming  "rooms  "  with  substantial  pillars  left  between  them,  and 
after  a  certain  area  has  been  prepared  in  this  way  the  pillars  are 
robbed,  the  roof  falls,  and  the  land  above  sinks  down  and  often 
becomes  the  site  of  pools  of  water.  Other  "  dish-shaped  "  reposi- 
tories have  been  opened  under  superficial  drifts ;  and  in  one  mine  at 
Boanhead,  between  Dalton  and  the  coast  of  Cumberland,  there  are 
two  connected  basins  of  this  kind,  in  which  "  you  may  proceed  400 
or  500  feet  in  either  direction  in  one  solid  mass  of  ore,  and  nothing 
has  yet  been  seen  of  the  bottom  of  it*."  In  these  cases  only  a 
small  extent  can  safely  be  worked  ftom  a  shaft,  and  accidents  from 
the  falling  in  of  the  roof  are  very  liable  to  occur. 

The  haematites  yield  60  to  66  per  cent,  of  iron,  almost  entirely 
in  the  state  of  peroxide.  They  contain  usually  from  5  to  6  per 
cent,  of  silica,  with  very  minute  quantities  of  alumina,  lime  and  mag- 
nesia, and  occasionally  manganese,  arsenic  and  lead.  There  are  also 
traces  of  phosphoric,  carbonic  and  sulphuric  acids.  An  average  of 
several  specimens  analysed  shows  upwards  of  90  per  cent,  of  per- 
oxide of  iron. 

1014.  In  the  Eorest  of  Dean  the  ore  is  obtained  from  the  car- 
boniferous limestone  and  millstone  grit,  and,  like  that  of  the 
northern  district,  is  hsamatitic.  This  ore  yields  30  to  40  per  cent., 
and  is  raised  extensively  for  shipment  to  South  Wales.  It  lies  in 
deposits  called  by  the  miners  "  chu/rns  "  or  ^^pochet8y^  and  as  the 
ore  is  cut  awayj  natural  pillars  and  arches  of  limestone  are  left 
supporting  the  roof  in  a  variety  of  grotesque  forms  and  combina- 
tions. The  contents  of  the  chums  vary  both  in  quality  and  quan- 
tity, producing  a  picturesque  irregularity  in  the  mine-works, 
strongly  contrasting  with  the  even  courses  of  the  coal  strata. 
Accidents  happen  very  frequently  in  these  mines,  from  the  miners 
neglecting  to  prop  up  the  roof  with  timbers  as  they  proceed. 
The  supply  of  ore  producible  is  almost  xmlimited,  and  its  quality 
is  very  good.  The  pockets  are  sometimes  of  great  extent,  and 
contain  many  thousand  tons  of  ore. 

1015.  The  beds  of  clay  ironstone  interstratified  with  the  coal, 
the  sandstones  and  the  shales  of  the  coal-measiu'es,  are  usually 
raised  from  the  same  pit  as  that  by  which  the  coal  is  extracted. 
The  thickness  of  the  ore,  however,  being  generally  only  a  few 
inches,  it  is  worked  in  a  manner  somewhat  different. 

Near  Bilston,  in  the  South  Staffordshire  district,  there  are  as 
many  as  seven  seams  containing  ironstone,  all  distinguished  by 
local  names,  but  many  of  them  not  more  than  5  or  6  inches  in 
thickness,  and  alternating  with  claystones  not  containing  iron. 
Two  of  the  ironstone  bands  are  thicker  and  more  valuable  than 
the  rest,  and  they,  as  well  as  all  the  others  that  are  worked,  lie 

*  Mem.  Geol.  Survey  of  Great  Britain,  Iron  ores,  part  1.  p.  36. 
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beneath  the  ten-yard  seam  of  coal  in  the  district.  The  seams  are, 
if  possible,  worked  two  together,  the  intermediate  stuff  being  of 
no  value,  but  removed  to  form  a  gallery,  and  afterwards  piled  up 
to  support  the  roof  when  the  ore  has  been  obtained.  The  nature 
of  the  work  is  sufficiently  simple ;  the  miner  usually  lying  on  his 
right  side,  and  striking  with  the  pick  to  remove  the  ore  and  the 
intermediate  clay.  This  method  may  seem  a  disagreeable  one, 
but  the  galleries  are  cooler  than  the  coal-mines  at  the  same  level, 
although  they  are  also  wetter  and  dirtier.  The  ironstone  is  of  a 
dull  brown  or  yellowish  colour ;  it  very  often  occurs  in  the  shape 
of  flattened  spheroidal  balls,  and  is  traversed  by  cracks  and  fissures 
which  have  become  filled  with  carbonate  of  lime.  The  centres  of 
the  spheroids  often  exhibit  an  organic  nucleus.  These  ironstones 
average  30  to  35  per  cent.,  and  are  therefore  of  good  quality ; 
but  at  Bloxwich  there  has  been  found  a  black  band,  or  carbona- 
ceous ironstone  in  two  courses,  averaging  about  12  inches,  under- 
lying the  lowest  Heathen  coal.  It  is  much  richer  than  the  other 
beds.  There  is  considerable  danger  in  working  these  mines  from 
the  occasional  falling  in  of  ^  portion  of  the  roof,  but  they  are  usually 
almost  entirely  free  from  noxious  gases. 

The  Shropshire  district  resembles  the  South  Stafibrdshire  in  the 
arrangement  of  its  minerals. 

North  Staffordshire  is  unrivalled  for  the  extent  of  iron  ore  con- 
tained in  the  coal-measures.  Within  a  series  of  measures  of  only 
250  yards  thick,  there  are  nine  distinct  workable  seams,  including 
a  black  band  4  to  5  feet  thick.  One  of  the  courses  of  ore  is  as 
much  as  9  feet  thick. 

1016.  The  iron  district  of  South  "Wales  supplies  a  large  pro- 
portion of  the  whole  amount  of  iron  made  in  tqe  British  Islands. 
It  is  identical  with  the  great  coal-field  of  that  district,  the  iron- 
stone bands  being  always  associated  with  the  various  beds  which 
make  up  the  carboniferous  series. 

The  bands  of  ironstone  there,  as  in  Staffordshire,  are  usually 
not  more  than  a  few  inches  thick,  and  the  workings  are  therefore 
as  narrow  and  low  as  possible.  They  are  often  incHned  at  a  con- 
siderable angle,  and  this  position  is  taken  advantage  of  by  working 
in  levels  which  communicate  with  the  lower  part  of  the  shaft  by 
galleries  run  on  the  dip  of  the  vein. 

On  the  eastern  and  north-eastern  outcrop  of  the  great  South 
Welsh  coal  and  iron  field  there  are  in  all  nine  recognized  iron- 
stones, either  sin^e  beds  or  groups  of  nodules,  two  of  which  at 
least  are  of  the  kind  called  black-band.  Most  of  these  are  from 
4  to  7  inches  thick,  and  as  5  inches  of  ordinary  ore  will  generally 
yield  nearly  1500  tons  per  acre,  the  importance  of  the  field  may  be 
ludged  of.     On  the  northern  crop  the  recognized  series  comprises 
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sixteen  groups,  including  sixty-two  distinct  courses  of  ironstone, 
each  from  1  to  5  inches  thick,  but  there  is  no  black  band. 

It  is,  however,  in  the  central  district,  where  the  measures  are 
brought  up  by  an  anticlinal,  that  the  chief  beds  exist.  There  are 
here  two  black  bands,  one  20  inches  and  the  other  12  inches  thick, 
and  about  22  yards  apart ;  besides  ten  clay  bands,  of  less  value, 
but  placed  very  conveniently  for  working.  In  the  upper  beds  of 
this  part  of  the  district  is  also  a  very  remarkable  black  band,  in 
four  courses,  respectively  22,  6,  8,  and  6  inches  thick ;  the  total 
thickness  being  3  feet  6  inches  within  6  feet  of  ground,  and  the 
yield  upwards  of  7000  tons  per  acre. 

The  western,  or  anthracitic  district  of  South  "Wales  also  con- 
tains valuable  seams,  and  among  them  a  variable  black  band  14 
inches  thick.  On  the  southern  outcrop  are  numerous  courses, 
but  no  black  band. 

The  iron-mines  in  Glamorganshire  and  Pembrokeshire  are  some- 
times so  near  the  surface  that  the  ore  is  obtained  without  a  shaft 
or  regular  galleries.  In  other  cases  they  are  worked  from  an 
adit  level,  which  comes  out  to  day  on  the  side  of  a  hiU.  They  are 
also  worked  with  coal. 

In  North  Wales  there  are  seven  groups  of  ironstones  described, 
including  thirty-two  courses  of  ore,  but  the  total  thickness  is  in- 
considerable. The  best  are  at  Ehuabon  and  Brymbo.  In  the 
former,  fifteen  courses,  averaging  30  inches,  are  &\1  worked  with 
coal  in  three  lifts. 

1017.  The  Yorkshire  coal-field  contains  several  seams  of  iron- 
stone in  about  300  yards  of  extremely  valuable  and  productive 
coal-measures,  yielding  from  1500  to  4000  tons  per  acre,  from 
which  very  excellent  iron  is  made.  The  ironstones  are  carefully 
treated,  and  the  quality  of  the  iron  is  probably  more  dependent 
on  this  fact  and  on  the  absence  of  sulphur  in  the  coal,  than  on 
any  peculiar  goodness  of  the  ores.  There  are  here  no  black 
bands.  The  yield  of  the  ironstones  as  used  is  about  30  per  cent. 
The  impurities  are  very  variable,  amounting  to  from  12  to  25  per 
cent,  of  silica  and  alumina.  The  ore  is  a  carbonate  of  the  prot- 
oxide of  iron. 

In  addition  to  the  usual  methods  of  mining  where  the  ironstone 
is  deep,  the  outcropping  beds  of  ore  are  opened  by  small  shallow 
shafts  called  hell  pits,  disposed  in  great  numbers  on  the  line  of 
strike,  at  a  distance  of  a  few  feet  from  each  other. 

1018.  Derbyshire  is  crossed  by  a  continuation  of  the  Yorkshire 
coal-field,  and  contains  a  larger  number  of  described  ironstone 
groups.  These  amount  in  all  to  twenty-three.  Many  of  them 
are  worked  by  beU  pits,  and  in  other  cases  the  beds  are  so 
thick,  that  from  six  to  eight  thousand  tons  of  ore  per  acre  can 
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be  obtained.     Those  in  the  lower  part  of  the  series  have  been 
chiefly  worked. 

1019.  The  iron  district  of  Scotland  is  remarkable  as  ranging 
through  the  whole  of  the  carboniferous  series,  seams  of  ironstone 
alternating  with  sandstone,  shales,  and  limestones  throughout  the 
whole  district.  There  are  several  seams  of  very  valuable  black 
band  found  both  in  the  upper  and  lower  division  of  the  series ; 
and  besides  them,  there  are  no  less  than  four  principal  and  valu- 
able seams  of  ironstone  in  the  Lanarkshire  district,  three  of  which 
are  of  very  superior  quality.  These  measure  from  14  to  18  inches 
each  in  thickness,  and  when  roasted  yield  from  60  to  70  per  cent, 
of  iron,  requiring  not  more  than  six  hundredweight  of  limestone 
as  flux,  instead  of  from  twenty  to  thirty  hundredweight  (as  the 
poorer  and  less  fusible  ores  do),  to  produce  the  ton  of  metal. 

1020.  The  liassic  and  oolitic  rocks  in  various  parts  of  England 
have  been  long  known  to  contain  ferruginous  concretions,  but  it 
is  only  since  the  year  1848  that  they  have  yielded  any  large  quan- 
tity of  available  iron  ore.  The  most  important  present  source  is 
the  Cleveland  district  in  Yorkshire,  where  a  stratum  of  15  feet 
thick  of  a  rusty-looking  sandstone  crops  out  from  the  middle  of 
the  lias  formation  (in  a  position  corresponding  with  the  marlstone), 
and  is  considered  to  contain  on  an  average  nearly  30  per  cent,  of 
iron.  It  is  chiefly  a  carbonate  of  the  protoxide  of  iron,  with  about  30 
per  cent,  of  impurity,  consisting  of  silica,  alumina,  lime  and  magnesia, 
and  a  little  water.  It  is  sometimes  massive,  and  sometimes  alternates 
with  shaley  bands,  and  is  generally  oolitic  in  structure.  It  extends 
over  a  distoct  of  some  hundreds  of  square  miles,  thinning  out  to 
the  south,  and  capped  by  sandy  shales  containing  scattered  nodules 
of  ironstone.  The  overlying  lower  oolites  also  contain  valuable 
seams.  Upwards  of  a  million  of  tons  of  ironstone  are  now  ex- 
tracted from  this  deposit,  chiefly  near  Middlesborough.  At  this 
place,  self-acting  inclined  planes  have  been  carried  up  the  lower 
slope  of  the  hill  leading  into  the  workings,  which  are  conducted 
in  a  series  of  chambers  with  massive  pillars  generally  to  the  fiill 
height  of  the  seam.  Other  ironstones  are  obtained  from  the  oolites 
near  Northampton,  and  also  at  Lincoln.    These  ores  are  all  more 

N  --^r  less  siliceous. 

7.  Salt  Mines, 

1021.  The  salt-mines  of  Cheshire  form  so  legitimate  a  branch 
of  the  great  mining  operations  of  our  country,  that  they  well 
deserve  notice  among  the  applications  of  mining  principles  now 
under  consideration.  These  mines  and  the  brine-pits  of  "Wor- 
cestershire not  only  supply  sufl&cient  salt  for  the  consumption  of 
almost  the  whole  of  England,  but  upwards  of  half  a  million  of 
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tons,  for  the  most  part  the  produce  of  the  neighbouring  county  of 
Cheshire,  are  armually  exported  firom  the  port  of  Liverpool. 

The  immense  deposits  of  rock-salt  from  which  this  great  supply 
is  obtained,  are  stnctly  confined  in  England  to  the  marls  of  the 
New  red  sandstone  formation,  and  they  are  not  universally  distri- 
buted, being  only  met  with  in  two  or  three  counties  skirting  the 
Principality  of  Wales.  In  Cheshire  the  salt  occurs  in  large 
quantities  m  the  condition  of  an  impure  chloride  of  sodium,  and 
associated  with  a  peculiar  marl :  it  is  sometimes  massive,  and 
sometimes  exists  in  large  cubical  ciystals,  and  the  beds  containing 
it  usually  alternate  with  considerable  quantities  of  gypsum  or  sul- 
phate of  lime,  although  this  latter  mineral  is  not  worked  to  profit 
in  the  salt  mines. 

The  appearance  of  the  rock-salt  is  by  no  means  of  that  brilliant 
character,  nor  has  it  the  delicate  transparency,  and  bright  reflect- 
ing surface,  which  the  reader  msj  perhaps  suppose  characteristic 
of  it.  It  is  usually  of  a  dull  red  tint,  and  associated  with  red  and 
palish  green  marls ;  but  it  is  still  not  without  many  features  of 
great  interest,  and  when  lighted  up  with  numerous  candles,  the 
vast  subterranean  halls  that  have  been  excavated  present  an 
appearance  richly  repaying  any  trouble  that  may  have  been  in- 
curred in  visiting  them. 

In  Nantwich  and  the  other  places  in  Cheshire  where  the  salt  is 
worked,  the  beds  containing  it  are  reached  at  a  depth  of  from  50 
to  150  yards  below  the  surface.  The  number  of  saHferous  beds 
in  the  district  is  five,  the  thinnest  of  them  being  only  6  inches, 
but  the  thickest  nearly  40  feet  thick.  A  considerable  quantity  of 
salt  is  mixed  with  the  marls  associated  with  the  purer  beds. 

1022.  The  method  of  working  the  thick  beds  is  not  much  unlike 
that  already  described  in  speaking  of  the  thick  coal-seams  of  Staf- 
fordshire and  Shropshire.  The  roof,  however,  being;  more  tough, 
and  not  so  liable  to  fall,  and  the  noxious  gases — ^with  the  excep- 
tion of  carbonic  acid  gas — ^totally  absent,  the  works  are  more 
simple,  and  are  far  more  pleasant  to  visit.  Large  piUars  of  various 
dimensions  are  lefb  to  support  the  roof  at  irregular  intervals,  but 
these  bear  only  a  small  ratio  to  the  portion  of  the  bed  excavated, 
and  rather  add  to  the  picturesque  effect  in  relieving  the  deep 
shadows  and  giving  the  eye  an  object  on  which  to  rest.  The  inter- 
vening portions  are  loosened  from  the  rock  by  blasting,  and  it  may 
be  readuy  understood  that  the  effect  of  the  explosions  heard  from 
time  to  time,  and  re-echoing  through  the  wide  spaces,  and  from 
the  distant  waUs  of  rock,  give  a  grandeur  and  imf)ressiveness  to 
the  scene  not  often  surpassed.  The  great  charm,  indeed,  on  the 
occasion  of  a  visit  to  these  mines,  even  when  they  are  illuminated 
by  thousands  of  lights,  is  chiefly  owing  to  the  gloomy  and  cavernous 
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appearance,  the  dim  endless  perspectiye,  broken  bj  the  numeiroiis 
pmars,  and  the  lights,  half-disclosing  and  half-concealing  the  deep 
recesses  which  are  formed  and  terminated  by  these  monstrous  and 
solid  projections. 

1023.  The  descent  to  the  mines  is  by  a  shaft,  used  for  the  ge-> 
neral  purposes  of  drainage,  yentilation,  and  lifting  the  miners  and 
the  produce  of  the  mine.  The  shafts  are  of  large  size  in  the  more 
important  works,  and  the  excavations  very  considerable,  the  part 
of  the  bed  excayated  amounting  in  some  cases  to  seyeral  acres. 
Over  this  great  space,  the  roof,  which  is  20  feet  above  the  floor, 
is  supported  by  pQlars,  which  are  not  less  than  15  feet  thick.  The 
Wilton  mine,  one  of  the  largest  of  them,  is  worked  330  feet  below 
the  surface.  Of  the  salt  raised  a  part  is  immediately  exported, 
and  the  rest  is  dissolved  in  water,  and  afterwards  reduced  to  a 
crystalline  state  by  evaporating  the  solution. 

These  mines,  however,  are  not  the  only  sources  &om  which  salt 
is  obtained,  and  it  is  only  since  the  year  1670,  when  the  beds  were 
discovered  during  an  unsuccessful  sinking  for  coal,  that  the  actual 
rock-salt,  as  a  mineral,  has  been  dug  out  from  the  mine.  Before 
that  time,  the  chief  supply  was  obtained  from  the  brine-springs  of 
Droitwich,  near  Worcester.  Brine-springs  are  also  mad!e  use  of 
for  obtaining  salt  in  various  parts  of  the  world.  They  usually 
contain  from  3^  to  &|-  per  cent,  of  salt.  A  part  of  the  water  is 
often  evaporated  by  passing  the  whole,  as  obtained  from  the  spring, 
over  an  extensive  simace  constructed  of  twigs,  and  thus  exposing 
aL_until  the  brine  has  become  sufficiently  saturated  to  require  but 
little  fuel, 

1024,  Among  the  most  remarkable  of  the  rock-salt  mines  on  the 
Continent  of  Europe,  are  those  of  Altemonte  in  Calabria,  Halle 
in  the  Tyrol,  Cardona  in  the  Pyrenees,  Wieliczka  in  Poland,  and 
nietzkayai-Zastchita  in  the  Kirghis  steppes  of  Eussia.  These  are 
all  interesting,  and  each  exhibits  phsenomena  peculiar  to  itself. 

The  great  deposit  of  salt  in  the  valley  of  Cardona,  in  the  Pyre- 
nees, is  too  remarkable  to  be  passed  over.  In  this  spot,  two 
thick  masses  of  rock-salt,  apparently  united  at  their  bases,  make 
their  appearance  on  one  of  the  slopes  of  the  hiH  of  Cardona. 
One  of  the  beds,  or  rather  masses,  has  been  worked,  and  measures 
about  13  yards  by  25Q,  but  its  depth  has  not  been  determined. 
It  qonsists  of  salt  in  a  laminated  condition,  and  with  confused 
crystallization.  That  part  which  is  exposed  is  composed  of  eight 
beds,  nearly  horizontol,  and  having  a  total  thickness  of  15  feet, 
but  the  beds  are  8epar3,ted  from  one  another  by  red  and  variegated 
marls  and  gypsum.  The  sepond  mp-ss,  not  worked,  appears  to  be 
unstratified,  but  in  other  respects  resembles  the  former,  and  this 
portion,  where  it  has  been  exposed  to  the  action  of  the  weather,  is 
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steeply  scarped,  and  bristles  with  needle-like  points,  so  that  its 
appearance  nas  been  compared  to  that  of  a  Racier.  The  great 
deposit  in  the  Kirghis  steppes  is  also  worked  by  an  open  cutting, 
and,  as  described  by  Sir  B.  I.  Murchison,  appears  to  offer  a  singular 
resemblance  to  the  conditions  above  alluded  to. 

1025.  The  following  statement  of  the  mineral  produce  of  Great 
Britain  and  Ireland  in  the  year  1855,  will  be  useful  as  showing 
the  extreme  importance  of  the  coal,  iron,  and  other  materials  re- 
ferred to  in  this  chapter,  and  also  the  distribution  of  these  minerals. 

Coal.       Iboit  Ore.  Ibon  Fia.     Salt. 

Counties,  &c.                                Tons.  Tons.  Tons.             Tons. 

Northumberland  and  Durham..  15,431,400  185,000       214,000     

Cumberland 809,546  200,788  ^aMA. 

Lancashire   8,950,000  336,828         ^^'^'*     

Yorkshire' 7,747,470  1,225,300       175,340     

Derbyshire   2,256,000  409,500       116,550    

Northamptonshire  74,084     

Nottinghamshire, Warwickshire,  1  ■,  a^q  at^q 

and  Leicestershire   J    *      *  ■ 

Cheshire   755,500  1,631,614 

Shropshire    1,105,250  365,000       121,680     

Gloucestershire    \l410320  J  ^^>^^         19,500     

Somersetshire  J    *       *  I.    4,940     

Devonshire  20,300*  1,500     

Cornwall  24,057     

Isleof  Man 2,240     

North  Wales    1,125,000  65,820         31,420     

South  Wales    8,550,270  1,665,500       839,070     

Ireland 145,620  576     20,000 

Scotland   7,325,000  2,400,000       827,500     

Total  tons 64,451,076    9,553,741    3,217,134    1,821,614 


1026.  The  number  of  collieries  and  blast  furnaces  in  work  during  the  year  is 

estimated  as  follows  :-^ 

Collieries.  Blast  furnaees. 

England  1704  311 

WiOes  806  156 

Scotland  368  122 

Ireland...., 19 

Total 2397  589 


The  value  of  the  coal  raised  is  estimated  at  twenty^three  millions  sterling, 
and  that  of  the  iron  ore  three  millions.  The  mean  average  price  of  pig  iron 
during  the  year  was  £4  4f .  per  ton,  and  the  total  market  value  of  the  iron  may 
therefore  be  taken  at  thirteen  millions  and  a  half.  The  value  of  the  miscella- 
neouB  minerals  not  metalliferous,  is  stated  to  amoimt  to  about  three  miUions 
sterling. 

*  Bideford  anthnicite  and  Bovej  lignite* 

•z   2 
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CHAPTEE  XIX. 

ON  MINING  OPERATIONS  IN  MINERAL  VEINS. 

1027.  Is"  the  last  cliapter,  the  methods  were  described  by  which 
valuable  minerals  beaded  in  the  earth  are  obtained  by  mining 
operations.  Those  minerals  which  are  not  so  bedded,  but  ore 
contained  in  cracks  or  fissures  in  various  rocks,  require  methods 
somewhat  different,  and  we  now  proceed  to  consider  this  subject. 
Before  doing  so,  we  must  revert  to  matters  already  discussed, 
and  endeavour  to  explain  clearly  the  geological  conditions  bear- 
ing on  this  important  practical  subject. 

1028.  Prom  what  has  already  been  said  in  previous  chapters, 
the  student  wiU  imderstand  that  all  those  mineral  masses  which 
form  anv  large  part  of  the  earth's  crust  are  either  entirely  cry- 
stalline  [such  as  granites,  the  felspathic  porphyritic  rocks,  called  by 
Cornish  miners  ehans,  greenstones  and  basalts,  and  perfectly 
crystalline  limestones  or  marbles],  or  partially  crystalline,  having 
cleavage  planes  and  systems  of  joints  [such  as  slates,  slaty  and 
schistose  rocks  or  killaSy  imperfectly  crystalline  and  magnesian 
limestones,  and  quartzites],  or  lastly*,  they  are  evidently  and  im- 
mistakeably  mechanical  in  their  origin,  though  often  presenting 
in  their  internal  structure  certain  appearances  which  indicate 
quite  as  clearly  subsequent  change.  [Of  this  kind  are  the  com- 
mon stratified  limestones,  sandstones,  and  clays  of  our  own  and 
other  countries.]  Of  these  three  kinds  of  rocks,  the  first  exhibit 
abimdant  proof  of  their  having  undergone  a  great  change  from 
their  original  condition  in  assimiing  the  crystalline  form  and 
condition;  the  second  are  yet  more  clearly  altered  rocks,  their 
mechanical  origin  or  planes  of  bedding  being  often  perfectly 
distinct,  although  subordinate  to  the  cleavage  planes,  which  show 
the  action  of  crystalline  forces ;  while  the  tlurd,  as  already  ob- 
served, show  internal  marks  in  various  ways  both  of  past  and 
progressive  alteration.  Thus  aU  rocks  have  been  altered,  or,  to 
use  the  common  technical  term  in  geology,  are  metamorphic,  the 
difference  between  them  being  a  difference  of  degree  rather  than 
of  kind,  so  far  as  metamorphism  is  concerned. 

It  is  equally  certain  that  the  various  rocks  now  at  the  surface 
of  the  earth  have  been  at  some  time  or  other  changed  more  or  less 
in  mechanical  position.  While  those  of  mechanical  origin  have 
been  formed  under  water,  and  subsequently  covered  up  by  others, 
or  partly  laid  bare  by  denudation,  all  have  been  subject  to  up- 
heaval and  depression,  to  occasional  heavy  pressure  of  water  or 
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supermcumbent  rock,  and  to  occasional  exposure  to  aqueous  and 
atmospheric  influences. 

All  rocks,  again,  having  occupied  at  one  time  or  other  a  posi- 
tion at  some  depth  below  the  earth's  surface,  have  been  exposed 
to  the  influence  of  the  equable  temperature  known  to  exist  be- 
neath a  certain  moderate  depth,  and  often  to  the  comparatively 
high  temperature  that  belongs  to  yet  greater  depths.  JPlaced  in 
such  positions,  they  have  been  exposed  to  the  action  of  those 
electric  currents  wnich  produce  the  phsenomena  of  magnetism, 
and  which  are  now  known  to  circulate  round  the  earth  at  a  small 
depth  within  its  surface.  AU  mineral  masses,  of  whatever  they 
may  consist,  having  been  thus  exposed,  there  cannot  be  a  shadow 
of  doubt  that  they  have  undergone  from  these  causes  molecular 
as  well  as  mechanical  changes,  at  first  perhaps  subordinate  to 
their  original  mechanical  arrangement,  but  in  course  of  time  mask- 
ing and  even  obliterating  this  proof  of  their  early  history. 

1029.  Once  more : — Mineral  masses  deposited  as  mud  or  sand 
at  the  bottom  of  water  contain  a  large  quantity  of  water  as  an 
ingredient;  but  these  same  rocks,  when  altered,  become  more 
compact,  and  are  then  either  without  water  or  contain  it  in  a 
different  way.  It  thus  becomes  inevitable  that  in  metamorphosed 
rocks  (t.  ^.  in  all  rocks,  since  all  have  undergone  change)  there 
has  been  a  large  amount  of  contraction  in  parting  with  water  and 
in  assuming  their  present  dry  condition.  There  has  also  been  a 
large  amount  of  chemical  action  affecting  the  molecular  state  of 
the  mass,  and  a  large  amount  of  mechanical  action  consisting  of 
elevation  and  depression  with  or  without  the  pressure  of  super- 
incumbent water  or  rock.  Under  these  circumstances,  it  can 
hardly  be  necessary  to  remark,  that  the  existence  of  crevices  or 
fissures  in  rocks,  varying  in  number,  position,  and  magnitude, 
according  to  circumstances,  but  most  strongly  marked,  most  sy- 
stematic and  most  varied  in  the  crvstaQine  or  most  changed  kinds, 
is  rather  to  be  taken  as  the  normal  condition  and  necessary  result 
of  inevitable  circumstances,  than  as  an  accidental  or  exceptional 
phsenomenon. 

1030.  Amongst  the  changes  that  have  taken  place  in  rocks 
must  be  ranked  those  whose  tendency  is  to  spHt  the  rock  in  cer- 
tain directions  by  what  are  called  "joints."  Iiiese  are  interesting 
in  many  respects  as  structural  phsBuomena,  and  must  also  be 
considered  as  exhibiting  mechanical  modifications  of  rocks,  and 
therefore  as  part  of  the  subject  now  under  consideration.  Joints 
are  natural  fissures,  traversing  rocks  in  straight  and  well-deter- 
mined lines,  and  forming  planes  of  separation,  which  are  often 
slightly  open,  and  which  as  they  do  not  merely  pass  through  strata, 
but  through  various  semi-crystalline  aggregations  within  the  strati- 
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fied  mase,  were  evidently  formed  since  the  original  accumnlAtion 
of  the  Btrata. 

NumerouH  obBervationB,  made  in  variouB  localities,  with  regard 
to  the  direction  which  these  fiasures  take,  have  already  led  to 
interestijag  results ;  and  the  continued  attention  of  geologists  to 
this  subject  will  probably  in  time  become  the  Bonrce  from  whence 
many  important  genendizationB  may  be  deduced.  As  an  in- 
stance of  Buch  ohserratione,  amd  of  the  importance  of  multiplying 
them  whererer  there  is  opportunity,  we  may  mention  that  in  & 
very  large  majority  of  cases,  the  joints  in  the  mountain  lime- 
stone diBtricta  in  the  north  of  l^gland,  in  Derbyshire,  and  in 
parts  of  Ireland,  have  either  a  direction  varying  but  little  from 
N.N.W.  and  S.S.E.,  or  a  direction  at  right  angles  to  that;  and 
out  of  eighty-nine  observations  made  by  Mr,  Phillipa  in  Tort- 
shire,  fifty-five  of  them  exhibited  the  joints  varying  between 
N.W,  and  S.E.,  and  N.  and  S. ;  twenty-eight  were  at  right  angles 
to  these ;  and  there  were  only  six  which  deviated  to  any  consider- 
able extent  from  this  apparently  general  law. 

Mr.  Darwin  mentions  that  the  clay-slate,  in  Navarin  Island, 
Tierra  del  Fuego,  ia  in  many  places  crossed  by  parallel  smooth 
joints.  Out  of  five  extmiples,  tne  angle  of  interBection  between 
the  strike  of  these  joints  and  that  of  the  cleavage  lamins  was  in 
two  cases  45°,  and  m  two  others  79°*.  pj^  g^ 

1031.  Yeins  also  are  phenomena  which 
require  description  here,  and  which,  as  they 
are  sometimes  undistinguishable  from  joints ; 
sometimes  resemble  beds  or  seams  j  some- 
times  are  open  crevices,  whose  length, 
breadth  and  depth  vary  infijnitely  in  different 
caacB;  and  not  unfrequently  are  irregular 
fisBurcB  crossing  each  other  and  the  enclosing 
rock,  and  croBsed  by  faults,  dykes  and  joints ; 
need  careful  and  somewhat  minute  de^tion. 
The  annexed  diagram,  fig.  244,  represents  a 
section  of  such  vein  in  stratified  rocks. 

Veins  differ  from  dykes  rather  in  their 
contents  than  in  the  form  and  nature  of 
their  bounding  walls.  Both  are  fissures  in 
rocks  filled  with  mineral  matter  subse- 
quently to  the  existence  of  the  fissure  as  an 
open  crack;  but  when  such  fissures  are  filled 
with  trappean,  or  other  igneous  rocks,  or 
with  felspar  in  any  shape,  whether  appa- 
rently in  a  state  of  fusion  or  otherwise,    s«tionotiimii»i»iveiii. 

•  Duwio'i  "  Bmitb  Amtria,"  f.  Ibi. 
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they  are  called  "  dykes ;"  while,  when  they  are  associated  with  me- 
talllferouB  ores,  or  contain  crystalline  minerals,  they  receive  the  name 
of  "  veins"  or  "  lodes."  MetaUiferous  veins  or  lodes  are  commonly 
filled  with  copper,  lead,  tin,  or  other  metals,  in  combination  with  sul- 
phur, oxygen,  carbonic  acid,  Ac,  associated  with  the  salts  of  lime 
and  barytes,  and  with  iron,  argillaceous  matter,  and  quartz. 

1032.  Yeins  have  been  variously,  but  not  very  completely  or 
clearly  defined  by  various  authors ;  and  the  statement  of  W  er- 
ner,  that  "  they  are  mineral  repositories  of  a  flat  or  tabular 
shape  which  traverse  strata  without  regard  to  the  stratification, 
having  the  appearance  of  rents  formed  in  the  rocks,  and  after- 
wards filled  up  by  mineral  matter  which  differs  more  or  less  from 
the  rocks  themselves,*'  has  been  received  rather  in  the  absence 
of  a  more  accurate  definition  than  because  it  really  describes 
the  greater  number  of  carefuUy  observed  examples.  Veins,  in 
fact,  are  by  no  means  flat  or  tabular ;  they  often  exhibit  distinct 
reference  to  the  stratification  of  the  containing  rock ;  and  the 
mineral  matter  included,  although  it  certainly  differs  in  almost  all 
cases  from  that  of  the  surrounding  rocks,  does  so  in  a  way  which 
marks  some  common  action  between  the  two. 

1033.  If  we  consider  for  a  moment  the  causes  concerned  in 
producing  the  phsBnomena  of  which  it  is  the  object  of  this 
chapter  to  give  an  idea,  it  will  be  evident,  that  while  subter-  • 
ranean  force  resembling  that  still  elevating  wide  tracts,  and  pro- 
ducing narrow  fissures  iq  rocks  of  limited  extent,  is  beyond  all 
doubt  a  very  essential  one,  there  must  be  another  even  more 
widely  acting,  and  producing  somewhat  similar  results.  The 
change  of  volume  that  takes  place  when  solids  are  affected  by 
heat  cannot  fail  to  act  when  a  large  mass,  occupying  thousands  or 
tens  of  thousands  of  square  miles,  is  altered  in  position  by  being 
removed  below  the  stratum  of  invariable  temperature,  and  thus 
raised  for  centuries  to  a  perfectly  regular  and  even  temperature 
somewhat  higher  than  that  of  the  sea-bottom  in  which  it  was 
formed.  Nor,  on  the  other  hand,  can  there  be  a  perfect  equi- 
librium maintained  among  the  parts  of  a  similar  mass,  if,  arfcer 
being  elaborated  and  modified  by  exposure  to  long-continued 
magneto-electric  currents  at  a  uniform  temperature,  it  is  at  length 
upheaved  above  the  invariable  stratum,  reduced  in  temperature, 
and  exposed  to  great  and  very  irregular  surface-action.  In  the 
first  case,  there  must  be  a  certain  amount  of  expansion ;  in  the 
latter,  a  corresponding  degree  of  contraction ;  and  while  the  for* 
mer  cannot  fail  to  exert  mechanical  compression  on  adjoioiug 
beds,  the  latter  will  produce  a  solution  of  continuity  in  the  whole 
mass  itself,  especially  when  altered  by  chemical  action  and  by  the 
partial  crystallization  it  has  undergone. 
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1034.  It  has  been  determined  by  experiment  that  the  rate  of 
expansion  of  yarious  rocks  in  the  direction  of  their  length  is  as 
foHows,  for  each  degree  of  Fahrenheit : — 

Ghwenstone -OOOOO^^SO 

Granito     •000004825 

Marble -000005668 

Slate    -000005764 

Sandstone    -000006524 

From  this  table  it  is  easy  to  calculate,  that  if  a  mass  of  compact 
sandstone,  extending  for  a  hundred  miles  in  length,  is,  by  how- 
eyer  slow  degrees,  remoyed  from  the  earth's  surface  to  a  depth  of 
10,000  feet  below  the  stratum  of  inyariable  temperature,  where  it 
would  attain  a  temperature  of  180°  Fahr.  aboye  that  of  its  original 
position,  it  must  undergo  an  expansion,  the  additional  length 
amounting  in  all  to  620  feet ;  and  we  may  fairlj  suppose  that  any 
compressible  strata,  irregularly  squeezed  by  this  irresistible  force, 
must  be  affected  and  contorted  in  a  yery  marked  degree.  If,  on 
the  other  hand,  a  granite  rock  measuring  100  miles  in  length  be 
eleyated  from  a  depth  of  10,000  feet  to  the  surface,  it  will  un- 
dergo a  contraction  in  length,  from  change  of  temperature  alone, 
amounting  to  as  much  as  460  feet,  and  this  must  be  chiefly  per- 
ceptible in  widening  the  preyailing  sets  of  creyices  or  joints 
•  determined  originaUy  by  crystalline  action.  The  fact  of  this 
space,  amounting  on  an  ayerage  to  4J^  feet  of  creyices  per  mile, 
being  produced  in  granite  by  contraction  alone  in  rising  from  a 
depth  so  inconsiderable,  and  without  exposure  to  a  temperature 
much  higher  than  that  of  boiLLng  water,  cannot  but  show  the 
necessity  of  reconsidering  many  explanations  sometimes  given  of 
vein  phsenomena. 

1035.  In  addition  to  this  very  important  and  influential  cause 
of  contraction,  we  must  also  take  into  account  the  effect  of  parting 
with  water,  of  which  stratified  rocks  near  the  surface  always  con- 
tain a  large  quantity,  while  crystaUine  rocks  and  even  semi- 
crystalline  limestones  and  sandstones  are  comparatively  dry.  The 
extent  of  this  as  a  cause  of  contraction  can  hardly  be  measured, 
but  must  probably  far  exceed  in  amount  the  contraction  from 
altered  temperature,  and  it  affects  aU  accumulations  of  whatever 
kind  that  can  be  made  at  the  sea-bottom. 

There  can  be  Httle  question  that  a  certain  amount  of  chemical 
action  may  result  from  the  gradual  separation  of  water  from  solid 
bodies,  while  a  portion  of  the  contained  water  is  also  no  doubt 
decomposed  during  metamorphosis.  Coal  affords  a  familiar  ex- 
ample of  this,  since  in  the  ordinary  varieties  the  proportion  of 
water  is  exceedingly  small,  while  in  aU  kinds  of  vegetable  matter, 
and  even  in  lignites,  it  is  very  large.     Coal,  however,  contains 
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oxygen  and  hydrogen  ^ases,  and  Bome  hydrogen  combined  with 
carbon.  It  may  fairly  be  assumed  that  the  gas  present  in  the 
mass  of  ordinary  bituminous  coal  is  derived  from  the  decomposition 
of  the  water  originally  occupying  the  cells  of  the  plant,  and  the 
recombination  of  part  of  the  hydrogen  with  carbon. 

1036.  Yeins  are  by  no  means  confined  to  granite  or  slate,  or 
indeed  to  any  particular  rocks,  since  the  essential  phsDnomenon — 
a  crevice  in  a  rock,  more  or  less  completely  occupied  by  some 
simple  minerals —  may  be  observed  in  every  considerable  mineral 
mass  of  whatever  kind ;  but  there  is  some  advantage  in  carefully 
studying  the  appearances  put  on  in  those  rocks  where  the  crevices 
are  most  distinct  and  most  definitely  filled.  We  therefore  quote 
without  hesitation  the  careful  and  practical  account  given  of  them 
by  Dr.  Boase*. 

*'  When  a  section  of  the  primary  rocks  is  closely  inspected,  it  is  found  that 
no  individual  rock  continues  pure  and  uniform  in  its  composition  for  any  con- 
siderable extent ;  and  £eur  more  commonly,  each  of  its  constituent  blocks,  or 
concretions,  exhibits  a  striped  or  variegated  appearance,  on  accoimt  of  numerous 
irregular  veins  which  intersect  its  mass.  These  minute  veins  are  more  or  less 
simple  in  their  composition :  very  frequently  they  consist,  for  the  most  part,  of 
a  single  mineral,  the  nature  of  which  generally  bears  some  relation  to  the  con- 
stitution  of  the  containing  rocks :  thus  quartz-veins  are  found  in  all  rocks, 
which  might  be  expected,  since  all  rocks  aboimd  more  or  less  in  sUica ;  but 
they  are  most  frequent  in  those  rocks  wherein  this  earth  predominates ;  so  like- 
wise calcareous  veins  occur  in  rocks  into  the  composition  of  which  lime  enters, 
and  veins  of  Asbestos,  Steatite,  and  other  magnesian  minerals,  characterize 
Serpentine,  Amphotide,  and  other  rocks  of  a  congenerous  natiure ;  and,  lastly, 
whatever  may  be  the  peculiar  and  distinguishing  mineral  of  any  series  of  granitic 
or  schistose  rocks,  whether  Hornblende,  Chlorite,  Schorl,  Actinohte,  or  Mica, 
small  veins  and  patches  of  the  same  substances  impart  to  the  mass  an  appear- 
ance more  or  less  variegated.  Sometimes,  however,  the  substance  of  these 
veins  is  compound,  exhibiting  either  distinct  or  homogeneous  crystalline  mix- 
tures of  two  or  more  minerals,  which  very  commonly  are  only  varieties  of  the 
rock  in  which  they  occur :  thus,  veins  and  irregular  portions  of  fine-grained 
granite,  of  syenite,  of  schorl-rock,  and  of  other  granitic  species,  are  frequently 
completely  enveloped  in  various  kinds  of  granite,  and  hornblende-rock,  actinolite- 
rock,  and  other  members  of  the  schistose  group,  containing  small  veins  of  a 
more  crystalline  nature  imbedded  in  the  homogeneous  varieties,  and  vice  verad ; 
these  occurrences,  however,  are  not  very  conspicuous,  unless  rendered  obvious 
by  a  partial  decomposition,  by  which  the  harder  or  more  crystalline  parts  are 
brought  into  alto  roUevo  on  the  sur&ce  of  the  blocks. 

**  Such  is  the  composition  of  the  small  or  concretionary  veins  of  the  primary 
rocks :  the  next  points  for  consideration  are  their  connexion  with  the  rock  and 
their  structure. 

*'  A  fresh  fracture,  or  indeed  the  external  sur&ce,  if  the  rock  be  of  a  durable 
nature,  shows  that  the  substance  of  these  veins  is  often  intimately  blended  with 
that  of  the  rock ;  so  that  it  is  impossible  to  say  where  the  one  begins  and  the 
other  ends :  but  this  is  not  always  the  case,  and  indeed  even  where  one  part  of 
a  vein  appears  to  be  in  the  former  predicament,  another  part  is  bounded  by  a 


*  Treatise  on  Primary  Geology,  p.  167  et  seq. 
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diBtinct  line,  on  each  side  of  which  the  substance  of  the  yein  and  the  rock  are 
strongly  contrasted. 

"  So,  when  the  rock  has  suffered  firom  the  decomposing  action  of  the  elements, 
these  veins  often  exhibit  perfect  walls,  or  eyen  an  open  seam  or  crevice,  the  che- 
mical change  being  more  rapid  at  those  points  where  substances  of  a  diflferent 
nature  come  into  contact ;  but  in  those  veins,  or  in  those  parts  of  veins,  as  in 
the  case  just  mentioned,  in  which  the  junction  is  accompanied  by  a  perfect 
transition,  decomposition  does  not  develope  this  disunion  of  parts. 

**  As  to  size,  length,  and  other  dimensions,  these  veins  exhibit  eveiy  variety 
within  the  limits  of  the  containing  block  or  concretion :  as  regards  their  form, 
they  are  either  straight  or  tortuous,  more  or  less  uniform  in  br^dth  throughout 
their  course,  or  tapering  at  one  or  both  ends,  they  terminate  in  one  or  many 
filaments ;  and,  lastly,  when  they  meet  in  opposite  directions,  some  appear  to 
traverse  others,  and  the  disconnected  veins  either  continue  in  the  same  Imes  on 
both  sides  of  the  interposed  veins,  or  in  parallel  lines,  at  some  distance  from 
each  other,  on  the  opposite  sides  of  the  latter  veins ;  in  short,  exhibiting  on  this 
small  scale  all  the  pluenomena  which  have  been  observed  in  the  largest  veins ; 
and  sometimes  these  characters  are  distinctly  marked  even  in  hand  specimens, 
as  in  the  slate  of  St.  Agnes,  and  in  the  granite  of  Cardaze,  in  both  of  which  the 
minute  veins  are  metalliferous. 

"Let  us  now  advance  a  step  farther,  and  we  shall  find  that  when  these  rock 
concretions  are  not  individually  contemplated,  but  in  the  aggregate,  as  united 
into  a  layer  or  bed,  the  same  appearances  are  still  exhibited :  larger  veins,  but 
similar  in  composition  to  those  just  described,  traverse  different  concretions, 
not  unfrequently  penetrating  through  their  very  substance,  and  even  intersect- 
ing and  anastomosing  with  the  lesser  concretionary  veins ;  more  commonly, 
however,  the  larger  veins  are  interposed  between  the  boundaries  of  the  individual 
concretions  of  the  rock.  In  the  latter  case,  the  veins  sometimes  unite  the  blocks 
into  such  a  firm  mass,  that  they  are  not  separated  by  the  action  of  the  ele- 
ments ;  but,  in  general,  these  veins  by  being  more  crystalline  in  the  middle 
part,  are  readily  disunited  along  this  parti^y  open  line  or  chain  of  drusy 
cavities :  and  thus  it  is  that  we  so  often  find  one  or  more  sides  of  weathered 
rocks  coated  and  protected  by  the  moiety  of  a  vein ;  in  granite,  for  example, 
the  blocks  often  exhibit  a  surface  of  quartz,  and  in  serpentine,  of  steatite  or 
asbestos. 

"  Proceeding  still  farther,  we  arrive  at  the  immense  masses  of  rock  resulting 
from  the  aggregation  of  the  layers  and  strata :  on  this  large  scale,  we  do  not 
find  so  great  a  diversity  in  the  mineral  composition  of  the  veins,  as  in  those 
minute  ones  that  are  confined  to  the  concretions  of  rocks ;  but  still  this  is  in 
perfect  keeping  with  the  general  design,  for  the  minerals  which  jwoduce  these 
rare  concretionary  veins,  do  not  enter  into  the  construction  of  extensive  masses 
of  rocks,  but  are  confined  to  a  few  and  limited  localities." 

1037.  Veins  are  often  limited  manifestly  in  length  and  breadth, 
and  even  in  depth ;  but  this  appearance  is  sometimes  obscure  and 
sometimes  deceptive,  for  a  vein  dying  away  for  a  considerable 
distance  may  afterwards  reappear  at  a  still  greater  depth,  and 
there  prove  highly  productive.  The  distance  to  which  a  vein  may 
be  followed  in  the  direction  of  its  length  amounts  in  some  cases  to 
many  nules,  but  is  dependent  on  the  general  extent  of  the  mineral 
district.  One  of  the  largest  veins  worked  is  from  25  to  60  yards 
in  width,  and  has  been  proved  for  a  length  of  six:  nules  and  a  depth 
of  1000  feet.   It  is  in  Mexico.  There  are  great  difficulties  in  tracing 
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veins  at  the  surface,  owing  to  the  oxidation  and  decomposition  of 
the  vein-stone,  and  the  covering  up  of  vegetable  soil.  There  are 
also  manv  cases  in  which  the  fissure  forming  the  vein  has  not 
reached  the  surfiEu^e. 

1038.  Nothing  can  apparently  be  more  variable  than  the 
relation  of  the  metallic  ores  in  a  mineral  vein  to  the  position  of 
the  vein ;  but  in  spite  of  this,  there  exists  in  every  case  a  certain 
amount  of  order,  and  an  approach  to  regularity.  In  all  districts 
traversed  by  mineral  veins,  there  are,  for  instance,  what  may  be 
called  systems  of  veins,  each  system  being  characterized  by  some 
marked  peculiarities,  and  each  system  probably  referable  to  a 
distinct  period.  In  Cornwall  there  have  been  described  eight 
such  systems,  and  the  same  number  had  been  observed  by  Werner 
at  Freyberg. 

In  CJomwall  the  first  class  of  veins  are  those  which  appear  to  have  been  the 
earli^t  formed,  and  they  form  a  very  large  majority  of  the  whole  number  in 
the  district.  They  are  die  oldo*  tin  veins ;  they  underUe  to  the  north,  and  are 
traversed  by  those  of  the  second  class,  which  are  comparatively  few  in  number, 
and  of  snuaJl  importance.  These  two  classes  include  all  the  lodes  from  which 
tin  ore  is  extracted ;  their  width  varies  from  a  mere  string  to  as  much  as  36  feet. 

The  third  class  of  Cornish  veins  are  the  east  and  west  copper  lodes,  and  these 
form  the  greater  number  of  all  the  copper  lodes  in  the  county ;  they  always  cut 
across  the  tin  lodes,  when  the  two  kinds  meet,  and  they  are  usually  accompaniecT 
by  small  veins  of  clay. 

The  fourth  class  consist  of  what  are  called  the  contra  copper  lodes,  and  are 
few  in  number ;  their  direction  is  either  north-east  and  south-east,  or  at  right 
angles  to  those  bearings. 

The  fifth  class  include  the  cross-courses  which  run  south  and  west,  or  nearly 
so,  and  contain  no  tin  or  copper,  though  sometimes  a  little  lead  ore :  their, 
underlie  is  various ;  they  are  tolerably  wide,  and  have  been  traced  on  the  surface 
to  considerable  distances. 

The  remaining  three  classes  are  of  comparatively  small  importance  to  the 
miner,  but  they  are  valuable  as  adding  to  the  number  of  fisMJts  on  the  subject  of 
mineral  veins.  One  of  them  includes  the  recent  copper  ores,  and  another  the 
corresponding  cross-courses,  while  the  last  includes  the  slides  (composed  wholly 
of  sUmy  clay),  consisting  of  a  number  of  narrow  imperfect  veins,  rapidly  under- 
lying, and  running  in  all  directions. 

In  almost  every  case  the  productive  veins  run  east  and  west,  and  the  cross- 
courses  north  and  south,  and  the  more  recently  filled  fissures  and  partings  are 
composed  almost  wholly  of  clay,  so  that,  as  a  general  rule,  veins  which  contain 
a  greater  quantity  of  this  clay  traverse  those  which  contain  a  smaller  quantity. 

The  systems  of  veins  in  the  Freyberg  districts  are  described  by  Werner,  and 
offer  a  series  of  facts  somewhat  analogous  to  those  observed  in  Cornwall^  but 
the  metals  are  different,  and  so  also  are  the  prevailing  directions  of  the  lodes. 
The  first  and  most  ancient  are  ohiefiy  north  and  south,  and  include  those  veins 
frt>m  which  the  chief  supplies  of  lead  and  silver  have  been  obtained.  Those  of 
the  second  system  {controrlodes)  are  more  argentiferouB,  but  much  thinner. 
Their  direction  is  about  north-east  and  south-west. 

The  veins  of  the  third  system  are  all  north  and  south,  and  those  of  the  fourth 
at  right  angles  to  them,  being  what  are  called  in  Cornwall  cross-courses.  They 
both  contain  lead  glance.    The  others  are  less  important. 
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In  the  English  lead  dustricts,  the  BystemB  of  yeinB  are  much  more  simple  than 
in  Cornwall  or  Saxony ;  the  direction  of  the  productive  veins  is,  almost  without 
exception,  east  and  west,  and  they  are  traversed  by  cross-courses,  not  produc- 
tive, at  light  angles  to  them.  The  underlie  is  seldom  considerable,  and  it  is 
tolerably  uniform  throughout  the  district. 

1039.  On  the  whole,  and  viewed  with  reference  to  the  whole  di- 
strict, the  direction  of  the  productive  veins  in  Cornwall  is  strikingly 
uniform,  and  the  mean  of  nearly  300  observations,  recorded  by 
Mr.  Henwood,  gives  4**  south  of  west,  while  the  actual  direction  in 
nearly  two-thirds  of  the  number  differs  but  little  from  the  average. 

The  actual  number  of  observations  tabulated  is  295 ;  of  this  number  the 
direction  in  182  instances  was  between  west  and  south-west,  and  in  62  others 
between  west  and  north-west.  Dividing  Cornwall  into  ten  districts,  the  mean 
diieetion  of  the  veins  in  seven  of  the  districts  is  much  more  south  of  west  than 
the  general  mean,  as  the  other  three  districts  chiefly  contain  the  contra-lodes*. 

1040.  In  altered  stratified  rocks  both  copper  and  lead  veins 
occur ;  but  in  this  country,  and  indeed  generally,  the  latter  are 
the  most  common  in  Umestones  and  grits,  while  copper  prevails  in 
slates,  schists,  and  porphyritic  rocks.  The  veins  of  lead  ore  that 
are  most  characteristic,  occur  in  the  carboniferous  rocks  of  Wales, 
Derbyshire,  Durham,  and  Northumberland,  and  are  of  three  kinds, 

jvhich  are  technically  known  as  rahe  veins,  pipe  veins,  and  Jlats, 
Copper  ores  occurring  in  metamorphic  schists  and  granites,  are 
chiefly  found  in  "England,  in  the  counties  of  Cornwall  and  Devon- 
shire. 

JRake  veins  are  simple  crevices  crossing  aU  the  rocks  of  a  series, 
generally  vertical  or  highly  inclined,  and  having  aU  the  characters 
of  crevices  formed  in  the  rock  by  contraction — a  gash  or  open 
fissure  having  thus  been  formed,  which  has  sometimes,  on  sub- 
sequent upheaval,  expanded  the  gap  already  formed,  or  produced 
a  small  fault  or  slip,  preventing  the  two  sides  of  the  fissure  from 
now  corresponding.  Such  crevices  in  England  are  rather  limited 
in  extent ;  but  in  South  America  they  have  been  followed  some- 
times for  more  than  fifty  miles. 

There  are  two  kinds  of  rake  veins,  one  consisting  merely  of 
cracks  or  rents,  without  any  slip  or  disturbance  of  the  strata — 
the  other  including  faults,  so  that  the  edges,  originally  opposite, 
are  now  at  different  levels.  The  latter  (slip  veins)  are  often 
twitched — in  other  words,  the  intervening  space  between  the 
waUs  (or  cheeks)  of  the  vein  are  irregular,  sometimes  large,  and 
then  immediately  closed,  thus  forming  a  succession  of  pockets  or 
bellies,  which  are  often  fiUed  with  ore,  but  which  are  separated 
by  intervals  where  the  ore  does  not  exist  at  all,  or  is  too  poor  to 
pay  for  working.     On  the  other  hand,  the  former  {^ash  veins)  are 

*  The  Yolume  from  which  this  and  some  other  notes  are  taken,  is  entirely  filled  with  an  ela- 
borate account,  by  Mr.  Henwood,  of  the  Metalliferous  deposits  of  Cornwall  and  Devon.  Vide 
Cornish  Geol.  Trans.,  vol.  v.  p.  250. 
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more  regular,  generally  rather  wider  at  top  than  lower  down,  and 
often  found  to  close  altogether.  As  an  example  of  the  magnitude 
of  veins  of  this  kind,  and  the  extent  to  which  they  are  sometimes 
filled  with  ore,  may  be  mentioned  the  case  of  a  mine  at  Llangunog 
in  Wales,  which  showed  for  some  time  a  solid  rib  of  galena  (lead 
ore)  five  yards  wide  in  the  middle  of  the  vein.  Erom  the  workings 
of  this  vein,  we  are  told,  "  The  ore  was  poured  out  of  the  kibbles 
at  the  shaft  head  into  the  waggons,  and  carried  directly  to  the 
smelting-house,  without  being  touched  by  the  washers  and  dressers 
of  ore,  besides  several  feet  upon  the  sides  of  the  vein  which  was 
mixed  with  spar  and  other  stony  matter,  and  went  through  the 
hands  of  the  washers*." 

Similar  veins,  equally  rich,  and  many  pipe  and  flat  veins,  have 
frequently  been  cut  in  the  Sierra  de  Gudor,  on  the  south  coast  of 
Spain,  where,  indeed,  no  lode  is  worked  that  does  not  yield  clean 
ore,  and  where  there  is  no  water  to  interfere  with  workings  at  any 
depth  yet  reached.  In  this  remarkable  district  there  is  no  other 
dressing  employed  than  a  hand  sieve,  to  shake  the  smaller  ores 
and  remove  the  dust,  or  separate  them  from  dry  earth.  Some  of 
the  veins  cropping  out  at  the  surface  are  many  yards  in  width, 
and  so  close  together  that  the  attle  from  two  or  three  of  them  all , 
forms  one  heap. 

The  slip,  or  throw  veins,  are  less  vertical  than  the  gash  veins, 
and  are  often  tolerably  regular.  They  traverse  all  the  strata ;  but 
they  do  so  unequally — ^that  is,  the  interval  between  the  walls  is 
very  apt  to  vary  in  crossing  different  rocks,  and  the  value  of  the 
vein  for  ore  is  also  greatly  affected  by  the  nature  of  the  strata. 
They  contain  ore  often  distributed  in  threads  or  strings  of  various 
thickness,  with  much  spar  or  other  mineral  matter ;  but  much  of 
the  space  is  not  unfrequently  filled  up  with  clay. 

Obeying  the  law  of  faults  already  spoken  of  in  reference  to  the 
coal-measures,  there  are  certain  technical  rules  for  miners  in  slip 
veins,  derived  from  observation,  and  extremely  useful.  Amongst 
these  may  be  mehtioned  the  fact,  that  if  the  vein  traverses  several 
strata,  it  will  be  found  most  regular  in  the  thickest  of  them.  It 
is  also  the  case  that  the  ore  in  such  veins  is  extremely  irregular, 
following  no  law  that  can  be  traced  to  have  regard  to  the  nature, 
magnitude,  regularity,  extent,  or  other  conditions  of  the  vein. 

It  is  regarded  as  a  bad  sign  in  a  working  to  find  the  vein  diverge 
into  strings ;  and,  on  the  other  hand,  a  junction  of  two  or  more 
strings  or  veins  is  looked  on  as  favourable.*  Veins  that  cross  the 
prevailing  systems  have  rarely  been  found  so  productive  of  metallic 
ores  as  the  others,  except  at  the  place  of  crossing,  where  they  are 
usually  rich. 

♦  Fonter's  "  Sections  of  Strata,"  p.  187. 
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Besides  the  more  regular  rake  yeins,  there  are  some  which  are, 
to  a  certaia  extent,  exceptional.  The  most  remarkable  are  those 
which  open  suddeidj  into  large  bellies  of  ore,  and  those  which  open 
and  close  alternately,  forming  waving  veins.  In  these  cases  there 
is  little  to  guide  even  the  most  experienced  miner ;  but  it  oft^i 
happens  that  such  veins  are  of  great  value  where  they  open, 
although,  when  once  closed,  it  is  quite  imcertain  whether  they  again 
contain  ore. 

1041.  Pipe  veins  are  of  the  nature  of  irregular  cavities,  inclined 
at  various  angles  to  the  horizon,  and  consisting  generally  of  expan** 
sions,  or  hollow  spaces,  parallel  to  the  bedcBng  of  the  rocks  in 
which  they  occur.  They  diflfer  therefore  essentially  and  in  prin- 
ciple from  the  crevices  which  form  rake  veins,  though  in  some 
districts  they  are  quite  as  remarkable  for  their  mineral  wealth. 
Such  veins  are  occasionally  filled  with  spar  and  ore,  and  sometimes 
almost  entirely  occupied  with  soft  mineral  soils.  They  are  by  no 
means  confined  to  a  tubular  form,  nor  are  they  always  continuous 
between  two  distinct  beds  of  stone ;  but  they  owe  their  name  to 
one  peculiar  characteristic — ^namely,  that  they  have  no  proper 
longitudinal  bearing,  and  can  only  be  regarded  as  having  the 
direction  of  their  length ;  and  this,  as  has  been  said,  corresponds 
to  the  dip  of  the  strata  in  which  they  occur. 

1042.  Mat  veins,  like  the  former  class,  correspond  with  the 
strata,  but  are  comparatively  flat,  and  correspond  irregularly  with 
the  stratification.  The  beds  above  and  below  such  flats  are  usually 
distinct  and  well  marked,  and  so  far  they  resemble  beds  of  coal 
between  shale  and  sandstone,  but  they  contain  spar  and  ore. 
Occasionally  several  flat  veins  extend  between  bands  of  rock  from 
the  place  where  a  rake  vein  crosses,  while  sometimes  an  accumu- 
lated vein  occurs  of  the  nature  of  a  pipe,  connected  with  flats  of 
ore  and  lead,  to  form  a  rake  vein.  Some  cavities  thus  filled  are  of 
extraordinary  dimensions. 

The  kinds  of  veins  above  described  are  chiefly  foimd  in  lime- 
stones and  shales,  and  form  a  well-marked  and  unportant  group, 
especially  for  lead  and  zinc  ores  (sulphurets)  in  this  country. 
Something  of  the  same  condition  prevails  on  the  Continent,  espe- 
cially in  limestone  districts ;  but  the  veins  in  Cornwall,  and  many 
other  mining  districts,  are  so  far  different,  in  important  respects, 
as  to  need  special  description.  The  enclosing  rock  in  these  cases 
is  slate,  schist,  gneiss,  or  porphyry  of  some  kiad. 

1043.  Besides  the  productive  veins  or  lodes,  aU  mining  districts 
are  traversed  by  other  veins  usually  at  right  angles  to  the  former, 
or  nearly  so,  but  which  are  rarely  metalliferous ;  or  which,  if  they 
are  metalliferous,  contain  some  kinds  of  ore  not  abundant  in  the 
lodes.     The  principal  minerals  in  these  are  quartz  and  day,  the 
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quartz  being  usually  ciyBtallme.  In  Cornwall  it  was  found  that 
out  of  163  cross-veins  whose  directions  were  taken,  the  bearings 
of  118  were  between  north  and  north-west. 

1<H4>.  Seyeral  important  results  may  be  arrived  at  from  a  con« 
sideration  of  the  geographical  distribution  of  mineral  veins,  and  the 
appearances  presented  by  them  at  the  earth's  surface.  In  the  first 
place,  it  would  seem  that  they  occur  chiefly  in  mountain  districts, 
and  are  more  or  less  immediately  connected  with  disturbances  of 
strata  and  with  great  lines  of  dislocation,  or  are  in  the  immediate 
vicinity  of  igneous  rocks.  M.  Necker,  struck  by  these  facts,  which 
are  very  evident  in  a  large  number  of  cases,  investigated  the  subject 
of  mineral  veins  with  reference  to  these  three  questions*,  viz.  first, 
whether  there  is  any  un  stratified  rock  near  each  of  the  known  metal- 
liferous deposits  P  secondly,  whether,  if  none  such  appear  at  the 
surface,  there  is  any  distinct  evidence  or  any  high  degree  of  pro- 
bability that  an  unstratified  rock  exists  immediately  under  a  metal- 
liferous district,  and  at  no  great  distance  from  the  surface  ?  and, 
thirdly,  whether  there  are  found  any  metalliferous  deposits  entirely 
unconnected  with  igneous  rocks  P 

The  first  of  these  questions  may  oertamly  be  answered  in  the  affirmative,  by 
reference  to  a  vast  number,  forming  the  great  majority,  of  cases  of  known  mine- 
ral veins  in  all  parts  of  the  world.  The  great  mining  districts  in  all  countries 
are  immediately  connected  with  imstratified  and  cnrstalline  rocks. 

In  answer  to  the  second  question,  M.  Necker  reiers  to  a  number  of  instances 
in  Europe  where  mineral  veins  occur  nearly  and  evidently  associated  with  im- 
stratified  rocks,  though  not  actually  proceeding  from  or  passing  into  them. 

Such  is  the  case,  for  instance,  in  the  Isle  of  Elba,  where  an  abundant  supply 
of  iron  ore  is  obtained  from  veins  in  sedimentary  rocks ;  but  the  close  vicinity 
of  erupted  porphyries  and  other  igneous  rocks,  and  their  actual  appearance  at 
the  surface  not  far  from  the  veins  themselves,  is  sufficient  proof  of  their  presence 
in  considerable  abundance. 

With  regard  to  the  third  question,  the  answer  is,  although  not  absolutely  in 
the  negative,  yet  sufficiently  so  to  add  great  strength  to  any  argument  that 
might  be  deduced  from  the  answers  to  the  former  questions. 

The  quicksilver  mines  of  Idria  in  Carinthia,  and  the  lead  veins  in  the  moun- 
tain Umestone  in  various  parts  of  England  and  Wales,  and  in  the  Silurian 
limestones  of  Spain,  are  among  these  apparent  exceptions ;  but  the  former 
occur  in  a  district  nearly  connedied  with  the  great  elevations  of  the  chain  of  the 
Alps  in  its  continuation  eastwards,  and  the  latter  are  not  far  frx)m  considerable 
dislocations  and  disruptions  of  the  strata  connected  also  with  mountain  chains 
of  great  altitude. 

1045.  Besides  the  important  fact,  that  the  presence  of  mineral 
veins  is  almost  always  accompanied  by  indications  of  the  action 
of  subterraneous  disturbing  forces,  and  often  by  the  actual  pre- 
sence of  igneous  rocks,  we  also  learn,  from  a  general  consideration 
of  the  phaenomena  of  veins,  that  they  are,  for  the  most  part,  uni- 
form in  direction  in  particular  districts,  and  have  a  very  remark- 

*  Proceedings  of  Oeol.  Soc.,  vol.  i.  p.  392. 
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able  tendency  so  to  arrange  themselves  that  the  line  of  their 
direction  shall  either  be  north  and  south,  or  at  right  angles  to 
those  bearings.  In  Engbuid,  more  than  half  the  metaUnerous 
veins  are  east  and  west ;  and  this  is  so  uniformly  the  case  in 
many  districts,  that  the  east  and  west  veins  are  commonly  deno- 
minated right  running  veins,  while  those  in  the  other  direction  are 
known  as  '*  cross-courses." 

1046.  Observing  how  commonly  it  happens  that  mineral  veins  make  their 
appearance  in  districts  characterized  by  the  presence  of  altered  or  metamorphic 
rocks,  it  might  naturally  be  assumed  that  they  were  chiefly  confined  to  strata  of 
ancient  date.  This  appears,  however,  to  be  by  no  means  the  case,  and  metallic 
ores  are  known  to  occur  in  rooks  of  the  secondary  and  even  tertiary  periods. 

1047.  Apart  from  considerations  of  age,  there  are  other  circumstances,  de- 
pendent apparently  upon  local  influence  in  the  distribution  of  metals,  which  are 
also  worthy  of  notice.  The  slates,  for  instance,  of  Cornwall  and  Devonshire 
are  of  nearly  the  same  geological  age  as  those  of  North  Wales  and  Cumber- 
land, but  the  metalliferous  ores  found  in  them  difler  exceedingly,  tin  abounding 
chiefly  in  the  southern  counties,  copper  being  the  staple  in  the  central  and 
some  parts  of  the  northern,  and  lead  in  other  parts  of  the  northern  district. 
It  is  true,  indeed,  that  copper  and  lead  are  found  with  the  tin  in  Cornwall,  and 
that  lead  is  associated  with  the  copper  of  North  Wales,  and  Coniston  Water 
Head ;  but  there  are  indications  of  preference,  if  we  may  so  say,  which  well 
deserve  careful  investigation. 

It  is  a  fact  of  considerable  interest,  that  the  limits  of  mining  districts  are 
often  very  decided,  and  marked  by  peculiarities  in  the  physical  features  of  the 
coimtiy.  In  the  north  of  England,  the  neighbourhood  of  Cross  Fell  has  been 
worked  with  the  greatest  enterprise ;  but  no  instiCnce  has  occurred  (it  is  stated 
by  Professor  Phifiips)  of  a  single  vein  being  traced  across  the  great  Penine 
fault  to  the  west.  Similar  £skcts  have  been  observed  with  regard  to  the  Flint- 
shire veins,  which  occur  in  the  carboniferous  Umestone,  and  which  in  no  instance 
enter  the  Silurian  rocks.  In  this  latter  case,  as  in  many  others,  the  older  rocks 
rise  on  the  line  of  a  great  axis  of  disturbance,  and  seem  entirely  to  cut  off  the 
whole  of  the  mining  ground.  Elsewhere  the  older  rocks  are  metalliferous,  and 
the  more  modem  ones  barren. 

1048.  A  mineral  vein,  then,  is  a  crevice  or  fissure  in  a  mineral 
mass  subsequently  filled  up  with  some  mineral  substance  often  in 
a  crystalline  state.  In  stratified  rocks  that  have  undergone  little 
alteration,  where  the  crevices  are  merely  the  result  of  desiccation 
or  elevation,  the  principal  ones  depend  either  on  the  direction  of 
the  elevating  force  or  on  the  direction  of  extension  of  the  mass ; 
a  certain  degree  of  regularity  and  system  being  observable. 
In  proportion  as  the  crevices  are  the  result  of  chemical  forces 
tending  to  produce  crystallization,  they  are  more  regular  and 
systematic,  and  more  subordinate  to  general  laws. 

To  those  who  are  conversant  with  the  experiments  that  have 
been  made  concerning  the  action  of  slow  galvanic  currents  of 
feeble  power  on  mixed  mineral  substances  containing  water,  the 
fiUing-up  of  crevices  with  crystalline  minerals  (consisting  for  the 
inost  part  of  what  may  be  regarded  as  the  impurities  or  extraneous 
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materialB  of  such  mixed  Bubstances)  will  be  less  a  mystery  than  it 
is  often  regarded.  It  is  for  the  chemist  to  explain  how  and  why 
this  curious  process  of  segregation  (or  the  separation  and  trans- 
mission of  certain  parts  ofa  mineral  mass  through  the  mass  with- 
out affecting  the  external  form)  takes  place ;  but  the  geologist,  who 
has  studied  the  structure  of  rocks,  knows  that  it  is  so,  for  he  every- 
where sees  threads  and  strings  (veins)  of  sulphate  of  lime  in  masses 
of  clay,  strings  of  flint  in  limestone,  plates  of  limestone  between  the 
partings  of  coal,  and  films  of  marl  in  slightly  hardened  sands,  these 
having  no  communication  with  deposits  of  similar  minerals,  and 
dying  away  within  the  mass  of  rock  in  which  they  occur. 

In  the  ordinary  and  little  altered  clays,  sands,  and  limestones, 
it  is  not  usual  to  find  other  substances  in  the  crevices  than  a  few 
crystalline  earthy  minerals  and  iron  pyrites,  and  a*  all  the  ele- 
mentary  substances  in  these  combmations  are  widely  if  not  uni- 
versally distributed,  there  is  little  difficulty  in  understanding  the 
process  that  has  gone  on.  In  the  more  altered  rocks,  however, 
and  even  sometimes  in  those  which  are  still  nothing  more  than 
marls,  stratified  clays,  and  limestones,  metalliferous  minerals  less 
commonlv  distributed  through  the  earth's  crust  are  not  xmfre- 
quently  n>und,  and  they  occur  chiefly  in  crevices  more  or  less 
parallel  to  one  another,  which  have  certain  relations  with  each 
other  and  with  the  enclosing  rocks.  Such  are  the  veins,  which, 
when  containing  metalliferous  minerals  (or  ores),  are  designated 
lodes,  and  it  is  to  them  that  the  miner  directs  his  attention,  inas- 
much as  they  alone  contain  the  material  for  which  he  is  seeking. 

1049.  The  object  of  scientific  mining  is  to  discover  the  rela- 
tions that  exist  m  those  groups  of  mineral  veins  that  contain  ores. 
In  this  search  the  unscientific  miner  is  governed  only  by  expe- 
rience, and  by  certain  empirical  laws  learned  by  experience,  in 
particular  districts,  where  mining  operations  have  been  long  and 
extensively  carried  on.  How  far  these  laws  are  generally  appli- 
cable, what  other  laws  (if  any)  may  be  enunciated,  and  to  what 
extent  the  indications  of  mineral  wealth  may  be  reduced  to 
scientific  investigation,  are  questions  that  do  not  admit  at  present 
of  very  satisfactory  replies. 

Nor  has  the  chemist  hitherto  done  much  to  assist  the  miner  in 
these  matters.  Whence  the  various  metals  are  derived — why  they 
are  associated  in  certain  ways  with  each  other  and  with  earthy 
minerals  of  particular  kinds — why,  for  example,  lead  and  zinc 
ores  are  most  common  in  or  near  limestones,  copper  ores  in  shales 
near  granite,  and  tin  ores  in  granite — why  talcose  minerals  and 
garnets  so  commonly  accompany  native  gold,  and  porphyries  of 
various  kinds  yield  the  largest  quantities  of  silver, — ^these,  and  a 
hundred  queries  of  like  kind,  have  as  yet  been  scarcely  considered 
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with  attention ;  and  it  will  require  a  long  series  of  minute  and 
well-directed  observations  in  the  field,  a  multitude  of  analyses  in 
the  laboratory,  and  much  thought  and  study  in  the  cabinet,  to 
brin^  them  under  useful  generalizations  which  may  form  a  part  of 
the  domain  of  accurate  science.  Meanwhile  the  accumulation  and 
record  of  facts  must  form  the  groundwork,  and  it  remains  to  con* 
aider  the  class  of  facts  likely  to  be  most  useful. 

1050.  The  facts  to  be  recorded  in  investigating  mineral  veins 
may  be  referred — first,  to  the  nature  of  the  country,  or  enclosing 
rock ;  secondly,  to  the  general  condition  and  relations  of  the  mi- 
neral veins  of  the  district ;  thirdly,  to  the  particular  condition  of 
the  vein  in  question,  with  its  embranchments ;  fourthly,  to  the 
relations  of  this  vein  with  others  adjacent,  and  abready  more  or  less 
developed ;  fifthly,  to  the  effect  of  a  change  in  the  country  (en-» 
closing  rock)  or  veinstone  on  the  metalliferous  contents  of  the 
vein.  In  addition  to  investigations  concerning  these  points, 
the  condition  of  the  veins  in  the  district  with  regard  to  water, 
under-ground  temperature  at  different  depths,  and  a  number 
of  other  matters  hardly  capable  of  enumeration,  and  varying  in 
-each  particular  case,  are  worthy  of  being  recorded. 

1051.  In  reference  to  the  enclosing  rock,  where  important 
mineral  veins  are  known  or  suspected  to  exist,  the  nature  of  the 
district  and  its  general  geology  are  very  important.  It  is  also 
necessary  to  examine  into  the  nature,  degree,  and  order  of  change 
in  mineral  composition  at  the  surface  near  the  outcrop  of  lodes : 
the  existence  and  general  bearing  and  dip  of  projecting  ridges 
or  ledges  of  hard  rock,  or,  on  the  other  hand,  of  ravines  not 
manifestly  connected  with  the  original  drainage  of  the  district : 
the  vicinity  of  porphyritic  rocks  if  the  district  is  metamorphic, 
or  of  metamorphic  rocks  if  the  country  is  crystalline :  and  the 
mode  in  which  the  ordinary  phaenomena  of  metamorphism  are 
modified  where  the  mineral  vein  and  crystalline  rock  come  in 
contact. 

In  old  mining  districts  many  of  these  facts  are  known,  and 
they  can  never  oe  neglected  with  safety  in  judging  of  the  pro- 
spects or  capabilities  of  a  mineral  property.  In  a  new  country, 
or  Httle-known  district,  they  always  require  elucidation. 

1052.  The  general  nature  and  disposition  of  the  mineral  veins, 
consisting  of  lodes,  cross-courses,  and  contra-lodes,  with  their 
accompanying  branches,  leaders,  strings,  slides,  and  fluccans,  are 
also  made  out  and  already  recorded  in  old  mining  districts,  and 
with  these  results  of  experience  the  mining  engineer  is  likely  to 
be  familiar.  In  new  countries,  or  where  miaing  has  not  been 
carried  on  for  a  long  period,  much  has  to  be  determined  concerning 
these  matters ;  and  an  opinion  formed  as  to  particular  veins  is  not 


orresop  or  HXTAitunciors  txibts.  523 

of  practical  value  without  it  is  str^tigtbeiied  bj  Y^^rence  to  the 
general  structure  of  the  country  and  its  systems  of  yeins. 

1053.  The  phenomena  that  require  minute  attention  and  aeeu* 
rate  record  in  reference  to  a  particuhur  mineral  vein  or  lode  under 
examination  are  numerous^  Taried^  and  sometimes  difficult  to  ob* 
serve.  In  the  first  place>  there  is  the  crop  of  the  lode : — ^its  bear^ 
ing  not  only  where  first  seen^  but  ^nerallj  as  estimated  along  a 
considerable  distance ;  its  reladon^  if  any^  to  the  stratified  rocks 
of  the  district,  or  to  the  principal  direction  of  cleavage  planes  or 
joints  in  crystalline  rocks;  its  variable  or  constant  appearance 
when  traced  for  bome  distance ;  and  its  relation  with  the  form  and 
physical  features  of  the  district.  Next  we  must  proceed  to  the 
examination  of  such  openings  as  have  been  made  upon  it>  to  deter* 
mine  its  dip  or  underlie ;  its  width  and  magnitude ;  its  regularity 
or  irregularity  in  descending ;  the  nature  ra  its  walls,  and  of  the 
rock  next  the  cheeks  of  the  vein.  We  must  then  examine  its 
contents,  beginning  at  the  crop,  and  noticing  whether  there  exists 
that  peculiar  condition  of  spongy  ferruginous  quartz  passing  into 
or  replaced  by  oxides  of  iron  in  all  stoges  of  decomposition,  so 
well  known  under  the  names  of  ^asMn,  ekapeim  defer^  or  eisen* 
hopfy  in  the  principal  mining  countries  of  Europe.  The  nature 
and  contents  of  the  gossan  in  many  instances  almost  characterize 
the  lode,  and  are  always  of  the  greatest  importance  to  notice, 
inasmuch  as  the  actual  cause  of  this  close  relation  between  the 
exposed  crust  and  the  contents  of  the  lower  part  of  the  vein  still 
remains  to  be  determined.  After  a  due  and  careful  examination 
near  the  surface  at  various  points,  the  mode  in  which  the  rich 
part  of  the  lode  shows  itself  at  the  contact  with  the  gossan  is 
perhaps  the  matter  next  in  importance,  and  then  the  position  that 
the  ore  occupies, — ^whether  irregularly  disseminated  throughout 
the  veinstone,  or  collected  into  one  or  more  strings  in  particular 
parts.  Here  also  it  is  essential  to  take  note  of  any  symptoms  of 
swelling-out  or  expansion  of  the  course  of  ore  itself,  or  of  the 
presence  of  occasional  cavities,  such  as  on  a  smaller  scale  are 
known  to  geologists  as  geodes,  since  these  are  often  sound  indi* 
cations  of  the  nature  of  the  vein  and  its  orey  contents  at  some 
depth. 

1054.  The  metalliferous  indications  in  the  gossan  (generally 
visible  to  the  naked  eye,  and  almost  always  showing  a  considerable 
amount  of  decomposition)  require  close  observation,  while  the 
nature  and  extent  of  the  mixture  of  metalliferous  minerals  in  the 
part  of  the  lode  yielding  ore  forms  the  basis  of  another  group  of 
observations.  It  is  weU  known  that  the  cross-courses  in  a  mining 
country  generaUv  contain  other  metals  than  the  principal  lodes, 
while  they  are  often  also  remarkable  for  a  more  perfect  crystallino 
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coDdition  and  a  for  greater  admixture  of  metals.  These  obBerm- 
tioiis  require  a  certain  knowledge  of  mineralogy,  and  abould  be 
followed  up  by  experiments  in  the  laboratory  in  caeee  where  the 
conditionii  of  lode  are  peculiar,  and  the  more  raluable  metals  are 
sought  for.  Thus  gossans  often  contain  gold,  and  it  is  suppoeed 
that  the  proportion  of  gold  is  larger  in  the  gossan  than  m  the 
lode.  These  are  points,  however,  on  which  information  is  greatly 
needed. 

1055.  In  addition  to  these  points,  it  will  also  be  very  necessary 
to  learn  how  far  the  vein  may  be  regarded  as  isolated  and  distinct ; 
in  what  way  it  connects  itae&  with  others,  perhaps  more  developed ; 
and  above  all,  what  branches  belong  to  it,  what  strings  or  feeders 
accompany  it,  and  how  these  are  connected  with  it.    The  branches 
of  a  mineral  vein  are  those  other  veins  of  smaller  importance 
whose  line  of  crop  (produced  if  necessary)  falls  into  that  of  the 
principal  vein  at  the  surface  without  appearing  actually  to  cut 
across  it ;  but  unless  this  intersection  is  near  and  evident,  it  must 
not  be  regarded  as  important.    The  strings  or  feeders  are  those 
smaller  veins  more  or  less  parallel  in  their  line  of  crop,  which,  by  the 
direction  and  amount  of  their  dip,  are  clearly  related  to  the  prin- 
cipal one.     They  may  either  converge  or  diverge  as  they  descend ; 
but  while  in  the  former  case  they  must  ultimately  intersect  the  lode, 
in  the  latter  they                                Pig,  246. 
must    have   inter- 
sected it  at  a  point 
now     above      the 
sur&ce,  and   from 
which  therefore  the 
vein  as  well  as  con- 
taining   roct    baa 
since  been  removed 
by  denudation.  The 
annexed    diagram 
(fig.  245)  will  be 
found     useful     in 
giving  a  more  di- 
stinct idea  of  the 
appearance  of  veins 
and  their  modes  of 
intersection.  It  re- 
presents the  inter- 
section of  two  im- 
portant lodes  in  a 
>aion    mine   near  „. ri„.™,.^fc_ 

reyberg,     where  i-wth  Mtuni  iii.. 
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each  branch  of  the  iaterBectmg  lode  heaves  the  other  lode  Bepa- 
rately.  It  ia  a  matter  of  very  general  eiperience  in  mining,  that 
a  hunch  of  ore  may  he  espectedwhen  two  lodes  interBeet,  or  where 
there  is  a  junction  hetween  a  vein  and  its  branch  or  feeder  both 
bearing  ore.  It  is  also  considered  in  Cornwall  that  parallel  lodes 
bear  ore  imder  similar  circumstances,  so  that  where  a  course  of  ore 
ia  found  in  one,  it  may  be  looked  for  in  a  corresponding  position 
in  the  other. 

1056.  The  mode  in  which  veins  have  been  formed,  whether  by 
contraction,  elevation,  or  crystalline  action,  and  the  mode  in  whlcn 
they  have  been  aince  filled  with  mineral  matter,  are  also  questiona 
that  require  the  attention  of  the  mining  engineer.  WbUe  some 
veins  have  been  open  fisaurea  gaping  towards  the  surface  and 
are  partly  filled  with  the  angular  or  rolled  fragments  of  adjacent 
or  dostant  rocks,  others  are  almost  cloaed  at  the  surface,  but  open 
out  below  into  large  cavities  only  partially  filled  with  mineral  sub- 
Btanees,  In  many  cases  the  contents  of  the  vein  consist  partly 
of  fragments  of  the  encloaing  rock,  and  indications  of  origm  are 
thus  ftflbrded  which  must  not  he  neglected.  It  ia  also  not  at  all 
unusual  to  find  portions  of  the  enclosing  rock  in  »itu,  themselvea 
entirely  or  partially  encloaed  within  the  vein.  These  horseg  of 
ground,  as  miners  call  them,  need  care^  examination.  An  ex- 
ample of  them  wiU  be  seen  in  fig.  244,  p.  510. 

1057.  Special  attention  is  needed  as  to  the  mode  in  which  ore 
occurs  within  a  lode,  as  it  by  no  means  follows  any  regular  order 
in  this  respect.  Thus,  for  exunple,  when  the  general  strike  of  the 
lode  is  no^h  and  south  and  its  dip  west,  the  ore  within  it  may 
aaaume  the  form  of  a  pipe  more  or  less  flattened  and  irregular, 

foing  downwards  towards  the  north  or  south  as  the  case  may  be. 
a  cases  of  thia  kind  the  v^ue  of  junctions  of  branches  and  strings 
will  he  very  greatly  influenced  by  the  position  of  the  orey  part 
of  the  lode. 

1058.  Almost  aH  lodes  and  veins  Fig.  246. 
are    subject   to   various   displace- 
ments ^own  as  heaoeg  or  slides. 

Intricate  and  complicated  pro- 
blems in  solid  geometry  may  arise 
when  several  movements  of  va^ 
nous  extent  and  magnitude  have 
succeeded  each  other  in  the  same 
part  of  a  vein,  and  all  information 
that  can  he  obtained  in  reference 
to  these  mechanical  questions  will 

need    attention,  and   should    be  A»anhMwdbyei™n. 

carefully  recorded.  An  illustration 
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of  the  mode  in  which  lodes  are  subject  to  heaving  or  lateral  dis- 
placement is  given  in  the  sectional  diagram  annexed  (fig.  246), 
and  is  further  illustrated  in  fig.  245.  There  are  certain  mining 
districts  that  seem  to  have  been  especially  subjected  to  disturbances 
of  this  kind,  while  others  are  comparatively  free. 

1059.  When  the  vein  itself  has  been  examined,  its  relations 
with  the  others  with  which  it  forms  a  ^oup  or  system  should  be 
carefully  made  out.  Thus  the  prevailmg  strike  and  underlie  of 
the  principal  or  champion  lode  of  the  district,  the  cross-courses, 
conira-lodes,  principal  slides  and  fluccans,  and  the  bearing  of  these 
on  the  particular  lode  under  investigation,  may  suggest  very  im<« 
portant  results. 

1060.  Lastlv,  the  influence  of  change  of  ground  on  the  lodes  of 
a  particular  district  must  always  be  ascertained  with  great  care. 
Tims,  porphyritic  dykes  or  elvan  courses  have  a  certain  meaning 
in  Cornwall,  and  are  therefore  regarded  by  Cornish  miners  with 
great  interest.  Channels  of  hard  ground,  often  consisting  of  belts 
of  quartzite  or  jaspery  rocks,  bands  of  hard  and  cherty  lunestone, 
bands  of  magnesian  rock,  and  in  some  cases  bands  of  gypseous 
rock,  possess  a  certain  meaning  which  at  present  is  guessed  at 
from,  experience,  but  which  ought  to  be  better  understood.  A 
transition  from  granite  to  slate,  or  the  converse,  a  change  irora 
limestone  to  grit,  or  from  one  kind  of  schist  (killas)  to  another,  these 
are  all  matters  that  require  to  be  reported  on,  inasmuch  as  their 
influence  on  the  productive  portions  of  lodes  is  very  much  better 
known  than  explamed. 

1061.  It  is  by  examining  the  beds  of  mountain  streams,  and 
the  gravel  or  loose  stones  Drought  down  into  the  plain  country, 
that  a  knowledge  of  the  existence  of  metalliferous  veins  in  a 
district  is  in  the  first  place  attained.  By  following  up  the  indi-> 
cations  thus  aflbrded,  an  idea  of  the  actual  position  of  the  veins, 
and  even  of  their  extent  and  value,  may  be  acquired,  and  this 
simple  method  was,  no  doubt,  the  one  by  which  many  of  the 
richest  veins  were  originally  discovered.  It  is  indeed  still  so 
far  pursued,  that  sifting  the  gravel  and  sand  of  many  rivers  in 
metalliferous  districts  is  often  a  profitable  undertaking,  not  only 
for  the  sake  of  the  mineral  found,  but  also  as  leading  to  a 
knowledge  of  lodes.  As,  however,  such  a  source  must  be,  at  the 
best,  doubtful  and  uncertain,  and  one  which  soon  fails,  it  becomes 
necessary  that  the  gravel  should  be  gradually  traced  up  the  bed 
of  the  stream,  by  whose  current  it  has  been  brought  down,  until  the 
metalliferous  fragments  of  rocks,  increasing  in  number  and  volume, 
at  last  point  to  the  spot  where  the  outcrop  of  a  vein  at  the  stu&ce 
has  been  the  origin  of  the  supply. 

1062.  This  method  of  arriving  at  the  actual  position  of  the  vein 
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is  called  in  Cornwall  shodmg  or  shoadin^*,  and  is  a  method  of 
great  antiquity.  When  the  ore  is  thus  discovered  at  its  source, 
it  is  not  difficult  to  determine  whether  it  is  a  thick  bed  of  gravel, 
a  vein,  or  a  mere  lump  of  ore,  and  its  direction  and  relations  with 
the  surrounding  country  may  be  more  or  less  clearly  made  out. 

1063.  The  early  history  of  the  Cornish  mines,  and  the  nature  of 
mining  operations  in  that  country  at  the  commencement  of  the 
17th  century,  are  recorded  in  a  very  interesting  manner  by  Carewf- 
"  He  first  notices  stream-works  and  lodes,  and  the  opinion  of  the 
tinners  that  the  tin-stones  in  the  stanniferous  gravels  were  derived 
from  the  lodes  by  the  Deluge.  He  next  describes  the  process  of 
shoding,  which  seems  to  have  been  then  conducted  much  in  the 
same  manner  in  which  it  is  now  practised,  and  he  notices  that  the 
shode  for  the  lodes  *  either  lieth  open  upon  the  grasse  or  is  but  shal- 
lowly  covered.'  Having  found  this  shode,  *  they  next,'  he  says, 
*  sank  pits  of  five  or  six  foote  in  length,  two  or  three  foote  in 
breadth,  and  seven  or  eight  in  depth,  to  prove  where  they  may  so 
meet  with  the  load.  If  they  miss  the  load  in  one  place  they 
sincke  a  like  shafb  in  another  beyond  that,  commonly  further  up 
towards  the  hill,  and  so  a  third  and  fourth  until  they  light  at  last 
upon  it  J.' " 

1064.  Tf  the  lode  thus  discovered  offered  a  fair  prospect  of  suc- 
cess, the  discoverer  would  usually  associate  others  with  him  in  the 
working,  and  the  company  of  adventurers  thus  formed  appointed  a 
captain,  whose  duty  it  was  to  see  that  the  men  did  their  work 
properly,  and  who  attended  to  the  mine  and  to  the  pumps.  The 
tools  used  were  extremely  simple,  and  consisted  only  of  a  pickaxe 
and  shovel,  but  with  these  they  would  sometimes  follow  the  lode 
to  the  depth  of  40  or  50  fathoms,  the  miners  being  let  down  and 
taken  up  by  a  rope  wound  over  a  winch.  In  cases,  however, 
where  the  hang  or  inclination  of  the  lode  was  considerable,  the 
miners  are  described  as  working  to  a  convenient  depth,  when  they 
sunk  a  shaft  from  the  top  "  to  admit  a  renewing  vent,  which  not- 
withstanding, their  work  is  most  by  candlelight."  The  loose  work 
was  kept  up  by  timber,  and  the  rate  of  progress  appears  to  have 
been  very  slow,  as  we  are  told,  "  a  good  workman  shall  hardly  be 
able  to  hew  three  foote  in  the  space  of  as  many  weeks §."  Such  is 
the  method  of  mining  still  adopted  in  the  lead  district  of  the 
Sierra  de  Gador  in  the  south  ol  Spain,  where,  however,  at  least 
30,000  tons  of  rich  ore  are  raised  annually. 

1065.  It  will  readily  be  imagined,  that  into  pits  thus  sunk  a 

*  The  fragments  of  ore  which  by  rain  or  currenta  of  water  are  torn  off  from  the  lodes  or  vein 
of  ore,  are  called  shades  or  shoads. 
t  Survey  of  Cornwall,  by  Richard  Carew.    (Reprinted  1709*} 

i  De  la  Beche's  Report  on  the  Geology  of  Cornwall,  Deron,  and  West  Somerset,  p.  537, 
^  Carew,  ante  cit,,  p.  10, 11 . 
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coiuiiderable  quantily  of  water  would  drains  and  it  is  clear  that 
tliis  was  an  extremely  troublesome  and  unmanageable  difficulty, 
often  inducing  the  abandonment  of  a  valuable  mine.  The  drain- 
ing machinery  is  described  as  "  composed  of  pumps  and  wheeles 
driven  by  a  streame,  and  interchangeably  filling  and  emptying  two 
buckets  and  such  like."  In  some  cases,  when  the  works  were  on  a 
hill-side,  canals  were  cut  from  the  lode  to  the  nearest  convenient 
valley,  but  they  are  described  as  being  '^  costly  in  charge,  and  long 
in  effecting."  And  even  where  these  difficult  and  expensive 
means  were  resorted  to,  the  water  would  still  have  to  be  raised 
from  such  of  the  workings  as  were  below  the  level  of  the  vaUey, 
and  a  speedy  limit  would  be  put  to  all  workings  where  the  ore  lay 
deep  beneath  the  surface  of  the  surrounding  country. 

The  description  thus  given  of  the  superficial  and  comparatively 
simple  works  of  a  former  age,  is  applicable  in  a  very  considerable 
degree  to  more  extended  operations  at  the  present  day;  for, 
although  the  introduction  of  improved  machinery  has  tended  to  in- 
crease the  facilities  of  working  at  great  depths,  the  only  difference 
in  principle  is  the  establishment  of  an  improved  plan  of  working 
adapted  to  the  nature  of  veins  of  different  kinds,  together  with 
that  attention  to  ventilation  necessary  in  all  extensive  undeiv 
ground  operations. 

1066.  The  indications  on  the  surface  that  may  be  presented  by 
a  mineral  vein  are  not  usually  sufficient  to  attract  general  atten- 
tion, and  would  in  most  cases  be  so  entirely  hidden  by  a  coating 
of  gravel  and  vegetable  soil,  as  to  exhibit  scarcely  any  marks  that 
would  enable  even  the  most  experienced  eye  to  recognize  them. 
In  the  absence,  therefore,  of  metalliferous  gravels  which  can  be 
traced  up  the  course  of  a  stream  to  a  hill-side,  and  to  the  actual 
outcrop  of  a  vein,  it  must  often  be  determined  more  by  calculation 
than  by  any  distinct  indications  at  what  point  it  is  most  advisable 
to  commence  sinking,  so  that  the  greatest  advantage  shaU  be 
derived  from  the  lode,  supposing  it  to  exist.  In  cases  where 
their  actual  presence  is  doubtful^  but  a  probability  appears  of 
mineral  veins  being  discovered,  a  series  of  experiments  called 
in  Cornwall  ^^  costeamng^^  is  undertaken  with  the  view  of  disco- 
vering the  presence  of  a  vein.  This  method  of  experimenting 
is  derived  from  the  supposition  that  the  veins  in  the  district 
foUow  some  general  law,  and  the  operators,  selecting  a  convenient 
spot,  commence  by  sinking  a  pit  through  the  soil,  and  to  a  small 
depth  in  the  rock.  Of  course  the  chances  are  many  against  im- 
mediate success ;  but  in  case  they  find  nothing,  the  next  step  is 
to  dHve^  or  cut  a  gallery  from  the  pit  a  short  distance  in  oppo- 
site directions,  at  right  angles  to  the  direction  of  the  lodes  found 
the  neighbourhood.      In  this  way  it  is  possible  that  they 
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may  "cut  the  lode ;"  but  if  still  unBuccessfiily  they  remove  a  few 
fathoms  in  the  direction  of  the  galleries,  and  repeat  the  same  pro- 
cess until  they  have  either  discovered  the  lodes,  or  give  up  the 
specidation  in  despair.  In  matters  of  this  kind,  although  expe- 
rience is  often  a  better  guide  than  abstract  science,  still  there  is 
no  doubt  that  the  person  best  able  to  bring  his  experience  to  bear 
will  be  one  who  is  acquainted  with  G-eology  ;  and  such  a  one  will 
avoid  many  sources  of  error,  because  his  conclusions  will  be 
founded  on  rational  premises.  The  great  secret  of  economical 
TniniTig  lies  in  the  original  adoption  and  proper  carrying  out  of  a 
uniform  and  well-digested  plan  of  workmg,  which  can  only  be 
properly  laid  by  an  experienced  mining  engineer,  who  is  able  to 
add  an  acquaintance  with  geological  facts  to  sound  practical  and 
local  knowledge. 

1067.  When  there  is  reason  to  believe  that  a  lode  worth  trying 
exists  in  a  place  not  hitherto  worked,  a  set  of  adventurers  usually 
form  themselves  into  a  company  for  the  purpose  of  working  it. 
In  doing  so,  their  first  business  is  to  apply  to  the  lord  of  the  soil 
for  a  license  to  work  the  lode  for  a  given  time — sometimes  for 
six  months,  but  generally  a  year — ^upon  trial ;  the  lord  to  receive 
a  specified  proportion ;  usually  from  one-tenth  to  one-fifteenth  of 
the  ore  which  may  be  raised  during  the  period  of  the  license. 
The  lord  also  comes  under  an  obligation,  should  the  adventurers, 
at  the  expiration  of  the  license,  be  disposed  to  continue  the  work- 
ing of  the  miae,  to  lease  it  to  them  for  a  certain  number  of  years, 
generally  upon  the  same  terms  as  those  of  the  license,  so  far  as 
his  share  of  the  proceeds  is  concerned.  Should  the  project  prove 
a  failure,  it  may  be  abandoned  at  any  time  before  the  expiration  of 
the  license.  This  mode  of  paying  the  lord  his  dues  is  objected  to 
by  many,  on  the  ground  that  it  frequently  operates  harshly  upon 
the  adventurers.  They  urge,  that  however  much  the  mine  may  be 
losing,  the  lord  is  always  sure  of  a  profit.  Thus,  if  £15,000  worth 
of  ore  is  raised  and  disposed  o^  it  may  cost  the  adventurers 
£15,000  to  raise  it.  K,  in  that  case,  they  paid  the  lord  his  fif- 
teenth, the  company  would  lose  £1000  instead  of  making  a  profit. 
But  this  would  be  equally  the  case  were  the  lord,  instead  of  his 
share  of  the  proceeds  of  the  miae,  to  receive  a  fixed  money  rent 
from  the  adventurers.  Thus,  if  the  fixed  rent  was  £2000,  and 
the  produce  worth  £15,000,  as  in  the  case  supposed,  the  loss  to 
the  adventurers  would  be  £2000,  instead  of  £1000.  It  is  quite 
true,  that  by  the  present  arrangement,  the  lord  is  always  sure  of  a 
profit,  because  he  runs  no  risk ;  but  that  profit,  like  the  profit  of 
the  adventurers,  fluctuates  with  the  price  of  copper,  and  when  the 
price  is  low,  the  present  system  of  rent-paying  bears  upon  them 
more  lightly  than  any  other  arrangement  would  do. 

2a 
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1068.  The  course  here  mentioned  is  that  which  is  pursued  when 
it  is  in  contemplation  to  open  up  an  entirely  new  mine.  But  it 
frequently  happens  that  a  new  mine  is  opened  within  bounds 
already  set  out  to  a  company  of  adventurers,  and  within  which 
they  are  already  working  a  mine.  In  such  case  no  new  license  is, 
of  course,  requured.  "When  a  new  mine  is  thus  opened,  the  way  is 
generally  led  by  a  party  of  miners,  who  undertake  to  try  on  the 
"tribute  system,"  which  will  be  immediately  explained,  either 
what  they  believe  to  be  a  fresh  lode,  or  a  portion  of  the  lode  already 
worked,  but  which  the  existing  operations  are  not  likely  to  reach. 
In  the  latter  case,  the  result,  if  the  experiment  prove  successful, 
is  generally  the  sinking  of  some  new  shafts,  whicn  are  soon  con- 
nected  witn  the  existing  works,  whereby  the  scope  of  the  existing 
mine  is  only  enlarged.  But  whether  an  entirely  new  mine  is  to 
be  opened,  or  the  range  of  an  existing  mine  is  only  to  be  enlarged, 
the  operations  commence  by  the  sinking  of  shafts,  and  driving 
tunnels  or  levels ;  these  must  be  done  ere  the  mine  is  in  work* 
able  condition,  and  this  brings  us  at  once  in  contact  with  the 
actual  work  of  the  miner. 

1069.  The  miners  are  divided  into  two  ^at  classes — the  surface 
and  the  underground  men.  The  latter  are  by  far  the  most  numerous, 
being  fully  three  to  one,  as  compared  with  t ne  former.  The  under- 
ground men  are  again  divided  into  two  separate  classes,  known, 
in  mining  phraseology,  as  the  "tutmen"  and  "tributers." 

The  tutmen  are  those  who  do  "tut"  work,  which  is  neither 
more  nor  less  than  simple  excavation.  In  commencing  a  mine, 
therefore,  the  tutmen  are  the  first  called  into  requisition.  They 
sink  the  shaft  and  drive  the  levels — ^all  the  ore  which  may 
chance  to  be  raised  during  the  process  belonging  exclusively  to 
the  adventurers,  always  with  the  exception  of  the  lord's  dues. 
The  work  is  given  out  by  the  fathom ;  it  is  regularly  bid  for,  and 
the  parties  offering  to  do  it  for  the  lowest  price  secure  the  work. 
It  generally  happens,  however,  that  one  of  the  captains  of  the 
mine  ascertains  oeforehand,  as  far  as  can  be,  the  nature  of  the 
work,  and  sets  his  own  price  upon  it — ^the  price  at  which  it  is 
taken  seldom  varying  much  from  the  captain's  price.  Both  tut 
and  tribute  work  are  usually  taken  by  what  is  called  a  "party;" 
the  party,  in  both  cases,  consisting  of  several  individuals,  tneir 
number  varying  according  to  circumHtances.  The  party  is  divided 
iuto  gangs,  which  relieve  each  other  in  rotation.  There  are  three 
gangs  to  a  tut  party,  each  gang  workiag  eight  hours  at  a  time, 
the  whole  twenty-four  hours  being  thus  turned  to  account.  The 
gangs  employed  in  tut  work  are  strictly  required  to  relieve  each 
ther  at  the  proper  time.  As  their  work  is  chiefly  preliminary  to 
3  real  business  of  mining,  it  is,  of  course,  the  object  of  those  who 
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employ  them  to  have  it  done  as  speedily  as  possible.  Nor  are  the 
interests  of  the  tutmen  themselves  interfered  with  by  this ;  for,  as 
their  work  is  piece-work,  the  sooner  they  get  through  it  the  better. 
A  greater  degree  of  discretion  is  generally  given  to  the  tributers, 
as  to  how  long  they  may  work,  and  when  they  may  relieve  each 
other — ^it  being  supposed  that  they  have  sufficient  mducement  to 
diligence  in  the  share  which  they  have  in  the  proceeds  of  their  own 
operations.  At  the  poorer  mines,  tut  work  is  generally  confined 
to  ground  which  is  not  metallic,  tribute  work  having  reference 
invariably  to  metallic  ground.  At  times,  however,  tut  work  em- 
braces ground  which  is  metallic,  but  this  is  always  in  the  richer 
mines.  When  the  ore  is  known  to  be  good,  it  is  raised  at  so  much 
per  £sithom,  in  which  case  it  all  belongs  to  the  adventurers.  It  is 
generally  work  of  a  more  speculative  kind  that  is  set  on  the  tribute 
system ;  and  it  is  because  in  the  poorer  mines  all  the  work  is  of 
this  kind,  that  the  whole  of  the  ore  is  raised  on  that  system.  But 
even  when  it  is  raised  on  the  other  system,  that  is  to  say,  by  tut 
work,  it  is  not  unusual  to  give  the  men  employed  a  small  interest 
in  the  ore  produced.  This  is  done  in  order  to  make  it  their  in- 
terest not  to  waste  or  spoil  the  ore. 

1070.  The  work  of  the  tutman  is,  as  already  said,  that  of  simple 
excavation,  at  so  much  per  fathom.  He  bids  for  it  with  a  real  or 
presumed  knowledge  oi  the  nature  of  the  ground  to  be  worked — 
the  same  knowledge  being  possessed,  or  presimied  to  be  possessed, 
by  the  captain  assigning  him  the  work.  Miscalculations  in  this 
respect  are  not  unfrequently  made,  which  are,  in  their  results, 
sometimes  in  favour  of,  and  at  others  against,  the  tutman.  Al- 
though their  work  has  not  so  much  the  character  of  a  gambling 
transaction  about  it  as  that  of  the  tributers,  still  it  is  not  entirely 
free  fix)m  that  objection.  He  may  bid  for  work,  and  it  may  be 
assigned  to  him,  on  the  supposition  that  the  ground  is  hard  and 
difficult  to  be  operated  upon — or  the  bid  may  be  made  on  the 
contrary  supposition.  In  the  one  case  it  may  be  found,  after  a 
little  tnal,  much  easier,  and  in  the  other  much  more  difficult,  to 
work  than  was  anticipated.  Hence,  by  the  chance  of  his  work, 
he  may  be  a  gainer  to  some  extent,  or  a  severe  sufierer.  Thus, 
after  taking  work  which  appears  easy,  at  a  comparatively  low 
price  per  mthom,  he  may,  after  penetrating  for  some  distance 
through  disintegrated  granite,  which  is  easily  removed,  or  soft 
clay,  come  to  a  hard  mass  of  granite,  which  opposes  a  serious 
obstacle  to  his  progress.  This  the  tutman  calls  a  "  pebble ;"  and 
it  is  a  serious  ques^on  with  the  party  on  discovering  it,  whether 
they  will  change  their  course  to  avoid  it,  if  possible,  or  dash  right 
through  it,  in  the  hope  that  it  does  not  extend  to  any  great  depth. 
There  is  risk  in  either  case,  as  the  time  lost,  and  the  expense 
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incurred,  in  attempting  to  turn  or  avoid  it,  may  be  much  &;reater 
than  was  anticipated.  Nor  is  it  always  that  it  can  be  avoided  at 
any  cost.  Then,  again,  if  they  attempt  to  go  through  it,  their 
hopes  may  be  disappointed,  as  its  deptn  may  be  very  great.  Some- 
times, after  going  through  it  for  some  distance,  they  give  it  np  in 
despair,  and  attempt  to  turn  it,  which  they  find,  to  their  mortifi- 
cation, after  having  lost  so  much  labour,  that  they  can  readily  do. 
When  the  work  goes  thus  against  the  irutman,  he  very  soon  com* 
plains,  and  if  his  complaint  is  well-grounded,  a  favourable  modi- 
fication is  generally  effected  in  the  arrangement  between  him  and 
his  employers. 

1071.  The  undertaking  of  the  tutman  is  to  bring  to  the  surface  so 
much  matter,  whether  ore  or  "  stuff,"  or  both  together,  at  so  much 
per  fathom.  To  fulfil  it,  he  requires  the  use  of  machinery  to  raise 
the  matter  excavated  to  the  surface.  That  which  he  thus  employs 
is,  of  course,  the  machinery  on  the  spot,  adapted  for  the  purpose 
and  appertaining  to  the  mine.  For  this  he  is  usually  charged  at 
a  certain  rate  per  fathom,  which  is  so  much  to  be  deducted  fiom 
his  earnings.  There  are  other  deductions  also  to  be  made ;  but  as 
these  are  common  to  both  tributers  and  tutmen,  their  explanation 
will  be  deferred  for  the  present.  The  first  work  with  which  the 
tutman  grapples  is,  usually,  the  sinkiag  of  the  shaft.  The  object 
is,  if  possible,  to  have  the  shafb  perpen£cular.  Such  a  shaft  is  not 
only  the  most  convenient,  but  it  is  also  attended  with  the  least 
expense  in  the  future  working  of  the  miue.  But  much,  in  this 
respect,  depends  upon  what  is  called  the  "  underlie"  of  the  lode. 
It  is  very  seldom  that  the  lode  is  perpendicular;  its  inclina- 
tion often  varying  as  it  proceeds  downwards.  If  the  under- 
lie is  not  great,  the   shaft  may,  to  a   considerable   distance, 

'  follow  the  lode.  If  it  is  great,  the  shaft  descends,  not  in  one 
continuous  line,  but,  as  it  were,  by  a  succession  of  steps.  It 
will  be  sunk  perpendicularly  by  several  fathoms  at  a  time,  the 
lode  all  the  time  diverging  from  it  more  and  more.  At  cer- 
tain distances  halts  are  made,  and  horizontal  galleries  run  in  the 
direction  of  the  lode  until  it  is  again  struck.  Each  time  the 
lode  is  struck  the  shaft  is  sunk  again,  and  the  lode  must  be  reached 
again  by  a  horizontal  gallery  as  before,  while  as  the  shafts  are 
sunk,  other  galleries  or  levels  are  constructed  and  made  to  com- 
municate with  each  other  for  the  convenience  of  future  workings 
and  for  ventilation. 

1072.  The  position  of  a  mineral  vein  being  ascertained,  its 
direction  known,  and  some  reasonable  conjecture  made  concerning 
its  extent,  thickness,  and  value,  the  shafts  also  being  sunk,  and 
horizontal  galleries,  or  levels^  driven,  the  way  is  prepared  for  the 
convenient  extraction  of  the  ore,  and  at  the  same  time  some  pro- 


USDEBQKODirD  WOEK  IN  UIII£3. 


gresB  will  have  been  made  towards  carrying  ofi;  or  conveying  to  a 
spot  i)reviou8ly  decided  on,  the  water  which  either  nsea  into 
the  mine  from  springB  or  drains  into  it  from  the  surrounding 
strata.  Two  sets  of  levels  must  be  driven  at  right  tmglea  to 
each  other,  one  being  in  the  direction  of  the  strike  of  the  vein 
and  the  other  at  right  angles  to  that  direction,  the  latter  set  being 
called  erosH-cuta,  and  serving  to  commimicate  between  paralS 
lodes.  The  anneied  cut  (fig,  247),  showing  a  section  of  the  East 
Huel  Crofty  copper  mine  m  Cornwall,  will  be  found  useful  in 
illustrating  the  points  above  referred  to. 


Pig.  247. 


Eut  Huel  CmfQ  copper  mine  [Seetioa  od  the  cotine  of  Ifae  lodej. 

N.B. — In  the  above  diagram,  a  reprBaantB  the  adit  level,  b  the  deep  adit^  c,  d, 
^1  ft  9<  the  variouB  shafts  ;  the  nmuberB  mark  the  depths  of  the  leveb  in 
bthomB,  snd  the  shaded  spacea  represent  the  parts  of  the  lode  vrorked  out. 

1073.  Tn  the  ordinary  language  of  loining,  pits  open  to  the  BurJacs  are  called 
itajtt ;  and  in  Comirall  those  not  open  to  the  Bur&ce,  but  sunk  &oin  one 
gallety  to  another,  have  received  the  name  of  vAazet.  Horizontal  galleriea, 
eicavated  in  metalliferouB  veins,  ara  called  levelt,  and  those  not  at  right  angles 
to  the  metalliferous  veins,  arois-cvta ;  but  that  principal  (gallery,  or  tunnel, 
through  which  the  dnunage  of  a  mine  is  convejed  to  tlie  surhce  at  the  lowest 
eonvenient  spot,  ie  denominated  the  adit  or  adit-UveL  All  excavations  horizon- 
tally are  called  driviagt,  tboee  downwards  tinkiagi,  and  those  upwards  ritingt, 

1074.  The  shafts  sunk  upon  a  vein  are  not  always  vertical  to 
meet  the  vein,  bat  are  occasionally  commenced  at  the  outcrop, 
and,  where  the  inclination  is  not  very  considerable,  are  continued 
in  the  substance  of  the  vein  itself.  This  is  not,  however,  so  eco- 
nomical a  process  as  it  may  appear,  for  the  difficulty  of  raising  the 
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ore  is  much  increased,  and  there  are  many  practical  reasons  which 
often  render  it  expedient  to  sink  at  some  distance  from  the  out- 
crop, so  as  to  meet  the  vein  at  a  certain  convenient  depth. 

The  act  of  sinking  a  perpendicular  shafb  downwards  to  a  depth 
where  it  is  calculated  the  lode  should  be  cut,  may  seem  to  require 
little  further  skill  than  is  necessary  to  determine  correctly  the  spot 
on  the  surface  where  the  work  is  to  commence.  But  the  process 
in  this  way  is  exceedingly  tedious,  and  in  a  mine  at  work  where 
many  galleries  already  existing  are  to  be  traversed,  much  greater 
rapidi^  is  desirable.  In  such  a  case,  the  shaft  is  sunk  in  several 
pieces,  or,  in  other  words,  the  sinking  is  commenced  at  the  same 
time  in  several  different  levels,  and  no  small  skill  is  required  so  to 
lay  out  the  work  that  the  different  portions  of  the  shaft  thus 
formed  may  exactly  fit  when  they  are  connected  together.  An 
exceedingly  smaU  error  of  measurement  in  any  one  of  these  various 
and  dark  subterranean  passages,  would,  in  fact,  be  sufficient  to 
throw  the  whole  into  confusion,  but  such  an  accident  rarely 
happens,  although  works  of  the  kind  are  common  in  the  Cornish 
mmes*. 

1075.  In  the  same  way,  to  drive  an  adit  from  one  point  to 
another  through  many  fathoms  of  country  requires  great  skill, 
more  particularly  where,  in  order  to  save  time,  the  work  is  com- 
menced from  both  extremities.  About  a  quarter  of  a  century  ago 
(in  1824),  great  complaints  were  made  in  Cornwall  of  the  con- 
dition of  these  channels ;  and  the  necessity  of  attending  carefully 
to  the  details  of  draimng  was  insisted  on,  and  the  proper  position 
of  the  adit  pointed  out  by  Mr.  Came.  Owing  to  neglect  m  these 
matters,  and  to  the  want  of  good  surface-draiQing,  a  large  quan- 
tity of  water  pumped  up  from  the  deep  mines  found  its  way  back 
again  among  the  workmgs,  and  this  happened  to  so  great  an 
extent,  that  since  that  period,  greater  attention  having  been  paid 
to  drainage,  the  quantity  of  water  pumped  is  considerably  dimi- 
nished, although  the  mines  have  become  deeper  and  more  exten- 
sive ;  and  in  many  mines,  where  great  care  has  been  taken  with 
reference  to  this  subject,  the  improvement  has  been  very  striking. 
Some  idea  may  be  formed  of  the  extent  of  the  drainage  in  mining 
districts  from  the  fact,  that  the  various  branches  of  the  principi 
level  in  Cornwall,  called  the  ^^  great  Mt,^  which  receives  the 
waters  of  the  numerous  mines  in  Gwennap  and  near  Bedruth, 
measure  on  the  whole  about  26,000  fathoms,  or  nearly  thirty 
miles  in  length.  One  branch  only  (at  Cardrewmine)  extends  for 
nearly  five  miles  and  a  half,  and  penetrates  ground  seventy  fathoms 
beneath  the  surface.     The  water  flows  into  a  vaUey  communicating 

*  De  la  Beche's  Report,  ante  cii»i  p.  563. 
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with  a  small  inlet  of  the  sea,  and  is  discharged  about  40  feet  above 
high -water  mark. 

1076.  In  very  extensive  mines,  such  as  are  worked  in  Cornwall, 
it  is  necessary  to  have  many  shafts  and  a  very  considerable  number 
of  levels  and  cross-courses  in  order  to  carry  on  the  general  work 
of  the  mine.  In  such  cases  there  is  usually  a  principal  shaft,  of 
considerable  size,  sunk  through  as  nicmy  lodes  as  possible,  and 
communicating  with  all  the  gsQleries.  This  shaft  is  often  double; 
one  portion,  called  the  engine-shaft,  being  used  only  to  convey  the 
water  from  the  deep  workings  to  the  adit-level,  and  the  other, 
the  whim-shaft,  to  raise  the  ores  to  the  surface.  The  two  shafts 
are  in  these  cases  close  together,  and  are  united  at  convenient 
distances  by  short  cross-cuts. 

It  is  always  of  importance  to  sink  a  shaft  in  such  a  way  as  to 
communicate  directly  with  as  many  as  possible  of  the  lodes  worked 
in  a  mine  when,  as  is  usually  the  case,  several  veins  occur  running 
in  the  same  direction,  and  at  no  great  distance  from  one  another. 
In  the  Eowey  Consols  mine  in  Cornwall,  as  manv  as  thirteen  lodes 
are  worked,  and  they  are  so  near  each  other  that  one  shaft  (the 
Union)  cuts  through  five  of  the  lodes,  and  by  means  of  a  cross- 
cut at  the  60-fathom  level,  communicates  with  all  the  rest.  The 
workings  on  different  lodes  are  connected  with  each  other  by 
means  of  cross-cuts,  so  that  the  ores  may  be  brought  to  the  shaft, 
not  only  in  the  course  of  the  lodes,  but  also  at  right  angles  to 
their  courses. 

1077.  These  cross-cuts  must  be  understood  as  having  no  re- 
ference to  crosS'COVTsea,  which  are  the  veins  traversing  ttie  lodes 
at  right  angles.  Great  advantage,  however,  is  sometimes  ob- 
tained in  mimng  by  observing  the  peculiar  circumstances 
connected  with  the  traversing  a  lode  by  cross-courses.  Some- 
times the  latter  are  scarcely  touched,  being  only  crossed  at  right 
angles  in  working  the  lode ;  but  they  are  occasionally  used  to 
drive  adits  upon.  The  cross-courses  are  also  generally  connected 
with  faults,  and  sometimes  they  heave  the  lode,  and  bar  the  pro- 
gress of  the  miner,  while  at  other  times  they  tend  to  keep  out  the 
water  accumulated  in  the  old  workings  of  a  neighbouring  mine. 
It  win  be  manifest  that  a  considerable  amount  of  practical  know- 
ledge must  be  required  to  enable  the  miner  to  venture  on  any 
speculations  in  a  matter  of  so  much  importance,  and  that  an 
accurate  notion  should  be  had  of  the  true  mechanical  condition 
both  of  the  lode  and  cross-courses,  before  any  undertaking  that 
depends  for  its  success  on  their  mutual  influence  can  be  safely 
commenced. 

The  lowest  part  of  the  engine-shaft,  called  the  8ump^  is  usually 
sunk  a  certain  depth  below  the  lowest  workings,  so  that  the 


636  PEACTICAX  GEOLOGY. 

drainage  of  the  mine  makes  its  way  into  it.  It  is,  however,  also 
important  that  each  successive  level  should  be  separately  drained, 
in  order  that  as  little  water  as  possible  may  descend  to  these  lower 
workings.  The  water  raised  is  delivered  at  the  adit-level,  and  so 
escapes  at  the  natural  drainage-level  of  the  district. 

1078.  The  depth  to  which  shafts  are  sometimes  sunk  below  the 
level  of  the  surrounding  country  is  sometimes  very  considerable. 
The  Dolcoath  mine,  long  celebrated  for  the  depth  and  magnitude 
of  its  workings,  reaches  to  more  than  210  fathoms  below  the  adit- 
level,  which  is  itself  30  or  more  fathoms  below  some  parts  of  the 
surface.  The  main  shaft  of  the  Fowey  Consols  is  but  little  in- 
ferior, and  there  are  several  other  mines  both  in  Cornwall  and 
elsewhere  worked  to  a  great  depth.  The  Tresavean,  the  deepest 
mine  in  Cornwall,  is  now  worked  at  a  depth  of  upwards  of  300 
fathoms ;  and  a  machine  has  lately  been  erected  there,  bv  which 
the  miners  maybe  raised  or  lowered  as  much  as  240  mthoms. 
The  advantage  of  this  machinery  has  already  been  greatly  felt,  and 
some  contrivance  of  the  kind  would  be  found  useful  in  all  deep 
workings. 

1079.  In  these  cases  the  difficulty  of  mining  is  increased  by  the 
high  temperature  experienced  in  the  workings,  but  the  veins  can 
hardly  be  considerea  to  exhibit  any  very  decided  and  uniform 
change  in  the  value  or  amount  of  their  contents,  although  in  some 
cases  ores  of  different  metals  seem  to  abound  most  within  certain 
particular  Hmits  of  depth.  The  increase  of  heat  in  the  interior  of 
the  earth,  as  observed  at  considerable  depths,  has  been  already 
mentioned ;  but  it  seems  to  have  some  reference  to  the  nature  of 
the  rock  and  the  contents  of  the  veins. 

1080.  The  underground  work  of  a  mine  depends  chiefly  upon 
the  magnitude  of  the  veins,  and  the  value  of  the  ore  to  be  ex- 
tracted. A  vein  once  reached,  either  by  the  shaft  or  by  the  cross- 
cut carried  horizontally  from  it,  levels  are  driven  at  different 
depths  (usually  about  10  fathoms  apart,  but  depending  on  the 
nature  of  the  mining  ground),  and  the  whole  horizontal  section  of 
the  lode  on  each  level  is  excavated  by  galleries.  In  many  cases, 
the  lode  not  being  more  than  a  few  feet  in  width,  one  such  gallery 
is  sufficient,  and  as  it  is  only  necessary  to  leave  a  passage  wide 
enough  to  extract  the  ore,  tne  levels  at  those  places  where  the 
lode  IS  narrow,  or  nipped  in,  are  very  narrow  and  confined.  Where 
the  lode  is  broader,  and  also  rich,  the  open  spaces  are  of  course 
much  larger ;  but  there  can  scarcely  be  any  rule  in  a  thing  so 
variable  as  a  mineral  vein,  for  the  portion  worth  working,  though 
small  and  with  little  ore  in  some  places,  may  be  several  feet  across 
in  others  and  extremely  rich,  or  the  vein  may  be  thin  and  rich  in 
one  place,  and  broad  and  comparatively  poor  in  another ;  so  that 
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it  may  even  be  a  question  whether  it  is  advisable  to  take  that  part 
out  at  all.  These  are  matters  on  which  the  chief  agents  decide 
according  to  their  skill  and  iudgment.  It  is  usual  in  mines,  par- 
ticularly those  worked  on  a  large  scale,  and  for  a  continuance,  not 
to  take  out  all  the  ore  which  could  be  immediately  got  at  if 
thought  necessary,  but  to  leave  it  here  and  there,  to  be  worked 
as  the  general  prospects  of  the  mine  may  require,  and  to  which 
the  miners  return  if  less  ore^  is  raised  generally  in  the  adventure 
than  could  be  wished.  The  ores  thus  left  in  various  places  are 
called  the  eyes  of  the  mine ;  and  when  it  may  be  necessary,  in 
abandoning  the  mine,  or  jfrom  any  pressing  circumstances,  to  re- 
move them,  it  is  termed  ^ picking  out  the  eyes  of  the  mine,*  In 
some  mines  these  eyes  are  very  valuable,  and  much  skill  and 
judgment  are  employed  in  so  Mxangmg  the  workings  that  a  general 
good  supply  01  ores  may  be  obtained. 

1081.  Connected  with  these  operations  of  mining,  and  so  con- 
trived as  to  effect  the  required  purpose  in  the  best  way,  are  the 
arrangements  made  for  a  proper  supply  of  firesh  air  in  the 
workmgs.  The  means  of  obtaining  this  are  simple  where  there  is 
no  evolution  of  noxious  gas,  and  they  consist  chiefly  of  making  a 
proper  use  of  the  numerous  shafts,  and  of  the  communications 
effected  from  shaft  to  shaft  by  the  different  levels  or  galleries. 
"When  these  communications  are  properly  made,  currents  are 
found  to  set  in  different  directions,  varying  probably  according  to 
the  variable  temperature  of  the  atmosphere  at  the  surfsice  and  the 
uniformly  high  temperature  under  ground,  and  it  is  rare  that  any 
mechanical  means  are  resorted  to  for  ventilating  the  mine,  except 
in  such  cases  as  where  a  level  is  ia  progress  to  communicate  with 
a  shaft.  Generally  speaking,  the  air  becomes  vitiated  to  such  an 
extent  that  candles  cease  to  bum  brightly,  long  before  it  is  suffi- 
ciently bad  to  destroy  life ;  and,  in  fact,  it  is  so  impossible  to  con- 
tinue to  work  a  mine  in  this  state  that  accidents  rarely  happen. 

1082.  In  working,  the  miners  relieve  each  other  every  eight 
hours,  each  gang  working  eight  hours  out  of  the  twenty-four. 
Their  tools  are  chiefly  the  sledge,  the  borer,  and  the  pick,  with  the 
last  of  which  they  remove  the  dislodged  granite,  and  other  stuff, 
which  does  not  require  blasting.  At  one  of  the  mines  near  Bed- 
ruth  the  tributers  have  done  work  iu  the  300-fathom  level,  that 
is  to  say,  1800  feet  below  the  surface.  Their  engagement  is  to  be 
on  the  ladders  by  six  in  the  morning,  and  emerge  from  the  mine 
about  five  in  the  afternoon.  Nearly  two  hours  are  spent  in  de- 
scending and  ascendiQg  the  ladders.  With  the  exception  of  the 
Sundays,  the  life  of  these  poor  fellows  is  one  perpetual  night. 
The  temperature,  is  often  so  high  ia  the  level  that  the  men  all 
Virork  naked,   ascending,  every  hour  or  so,  to   several  fathoms 
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aboYO  them,  to  dip  themselves  in  some  pools,  which  are  com- 
paratively cool.  These  are  generally  tut-workers,  and  the  tri- 
Duters  look  with  as  great  contempt  upon  the  tutmen,  as  the 
tutmen  do  upon  the  surface  labourers.  Indeed,  a  tributer  will 
be  on  the  point  of  starvation  before  he  will  take  tut  work.  The 
total  number  of  hands  employed  ia  a  mine  is  of  course  very 
variable.  The  Garadon,  and  other  mines  which  some  years  ago 
sprang  up  in  the  neighbourhood  of  Liskeard,  afford  subsistence 
to  about  10,000  people,  including  the  miners  and  their  families. 

lOSd.  The  wages,  or  earnings,  are  paid  once  a  month  ;  but,  to 
keep  the  miners  and  their  families  going,  a  portion  is  paid  on 
account  once  a  fortnight.  This  is  called  ^eir  "  subsist,"  or,  more 
commonly,  "  stist.'*  This  is  objected  to  by  some,  as  tending  to 
make  men  lazy.  Where  the  farthing-pitch  system  is  in  vogue,  it 
works  very  badly.  In  such  case  the  men  are  not  entitled  to  any- 
thing till  the  end  of  the  first  two  months ;  and  they  do  not  get 
their  *  subsist'  until  a  fortnight  before  the  day  on  which  they  are 
entitled  to  their  earning.  The  consequence  is,  that  they  work  for 
six  weeks  without  receiving  anything.  They  are  thus  driven,  by 
their  circumstances,  to  go  into  debt  with  the  retail  dealers  for  the 
necessaries  of  life.  Once  in  debt,  it  is  very  difficult  for  them  to 
get  out  of  it,  and  reckless  habits  frequently  supervene. 

1084.  In  this  account  of  mining  httle  notice  has  been  taken  of 
the  very  important  operation  of  draining  the  mine,  which  is  not 
to  be  managed,  as  in  coal-mining,  by  a  system  of  tubbing,  because 
the  working  of  mineral  veins  is  a  very  <ufierent  matter  from  that 
of  reiQOving  a  coal-seam.  In  early  operations,  the  means  of  re- 
moving water  were  confined  to  buckets ;  and  in  Cornish  mines, 
the  first  improvement  in  drainage  was  by  the  pump  called  the 
"  rag  and  chain,"  so  named  from  a  quantity  of  rags  or  skins,  at 
intervals,  bound  up  to  the  size  of  the  pump,  on  a  chain  or  rope, 
revolving  round  a  cylinder,  worked  by  hand  or  water-wheel  at  the 
surface,  which,  passing  through  the  pump,  forced  the  water  up 
before  it.  The  next  improvement  was  the  common  bucket-  or 
lifting-pump.  As  long  as  the  notion  prevailed,  that  the  principle 
that  water  could  not  be  raised  more  than  33  feet  was  applicable 
to  a  pump  whose  bottom  was  in  the  water,  each  lift  of  pumps  was 
confined  to  30  feet ;  so  that  in  a  mine  60  fathoms  deep,  it  would 
require  twelve  lifts  of  pumps,  the  lower  ones  supplying  the  upper 
by  means  of  cisterns  attached  to  each  lift.  This  method  was  called 
"  shammeling,"  and  the  pumping-gear  the  "  shammel  engine."  It 
was  long  considered  the  ne  plus  ultra  of  perfection,  notwithstand- 
ing it  was  found  very  troublesome  and  inconvenient,  by  filling  the 
shaft  with  pumps  and  pump-rods.  This  was  the  cause  of  much 
complication  and  consequent  weakness,  and  it  could  only  be  ap- 
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plied  where  the  quantity  to  be  pumped  was  moderate,  and  did  not 
require  any  rapidity  of  motion  in  the  pump-gear.  This  defect  was 
severely  felt  in  constant  breakages,  and  great  friction  in  working  so 
many  buckets.  These  disadvantages  suggested  the  lengthening  of 
the  lift  of  pumps,  and  drawing  the  water  to  the  surface  by  the 
power  of  the  water-wheel,  in  addition  to  the  pressure  of  the  atmo- 
sphere. It  was  soon  found  that  water  could  be  raised  30  fathoms 
with  as  much  facility  as  30  feet,  with  less  wear  ami  tear. 

The  next  and  last  improvement  in  drainage  was  the  "plunger" 
or  force-pump,  by  which  the  weight  of  the  pump-rods  and  the 
piston,  working  in  a  cylinder  at  the  bottom  of  the  mine,  was 
applied  to  force  the  water  up  through  a  column  of  pumps  to  any 
height  required.  It  has  been  found  inconvenient  to  attempt  any 
greater  lens^h  of  lifts  than  30  fia.thom8,  or  180  feet.  The  miners 
are  rather  faaci^  in  naming  the  lifts  of  pumps ;  the  upper  one, 
which  discharges  the  water  at  the  surface,  is  called  the  "  tye;"  the 
others,  in  the  order  of  succession,  are  the  "  rose,"  the  "  crown," 
the  "lily,"  the  "violet,"  and  so  on,  the  lowest  being  the  "poppy." 
These  improvements  required,  from  the  increase  of  the  pressure  of 
water,  that  the  strength  of  the  pumps  should  be  increased ;  the 
wooden  pumps  were  replaced  by  iron,  and,  where  the  corrosive 
nature  of  the  water  required  it,  brass  pumps,  or  iron  pumps  lined 
with  brass,  were  used. 

"Within  the  last  half-century  there  was  not  a  mine  in  Cornwall 
100  fathoms  deep.  The  Consolidated  Mines,  at  Qwennap,  at  that 
time  consisted  of  small  mines  filled  with  water.  The  steam-engine, 
and  an  outlay  of  some  £60,000  or  £70,000,  has  enabled  the  work- 
ings to  be  continued  to  a  depth  of  upwards  of  300  fathoms,  or 
1800  feet,  under  the  hill,  the  perpendicular  shaft  being  nearly 
1500  feet  deep.  The  weight  of  the  pump-rods,  which  have  to  be 
lifted  every  tune  the  pump-buckets  require  gearing,  is  Httle  short 
of  150  tons. 

With  the  increased  facilities  of  drainage,  corresponding  im- 
provements were  required  for  raising  the  produce  of  the  mines  to 
the  surface ;  the  bucket  raised  by  manual  labour  was  succeeded 
by  the  kibble  drawn  up  by  the  winch — ^a  rope  or  tackle  wound 
round  a  wood  cylinder  by  an  iron  handle;  then  came  the  "whim," 
worked  by  horses,  which  has  continued  in  use,  with  various  im- 
provements, up  to  the  present  time ;  it  is,  however,  superseded  in 
large  mines  by  drawing-machines,  worked  either  by  steam  or 
horse  power. 

1085.  In  order  to  obtain  the  ore  from  the  vein,  and  break  it 
into  masses  of  convenient  size,  many  processes  have  been  formerly 
employed,  which  have  almost  all  given  way  to  that  of  blasting  with 
gunpowder.     By  the  Saxon  geologist,  Werner,  rocks  were  divided 
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into  five  classes,  according  to  their  degree  of  hardness,  the  first 
being  sandy  and  friable,  and  capable  of  being  removed  with  the 
spade,  and  the  second  including  those  rocks  of  moderate  hardness, 
such  as  coal,  the  oolitic  limestones,  gypsum,  shales,  and  slates, 
which  require  to  be  dislodged  with  the  pick  and  removed  in  masses 
by  the  aid  of  levers  and  simple  machinery.  The  third  class  of 
rocks  includes  those  which  are  harder,  but  still  not  so  hard  as  to 
strike  fire  with  flint,  and  they  may  be  removed  partly  by  blasting, 
but  chiefly  with  common  jpicks,  levers,  and  such  simple  machines. 
The  fourth  and  fifth  classes  comprise  rocks  both  hard  and  tough, 
and  also  those  which  are  splintery,  and  they  cannot  be  at  all 
touched  except  with  blasting,  and  even  then  sometimes  scarcely 
repay  the  trouble  and  expense  of  working. 

1086.  On  the  introduction  of  gunpow&r  for  blasting  the  rocks, 
the  miner  was  subject  to  continual  danger  from  premature  explo- 
sions. The  hole  in  the  rock,  when  bored  sufficiently  deep,  had 
the  powder  placed  in  the  bottom;  an  iron  rod  or  needle  was 
then  inserted,  and  the  hole  filled  up  with  sand  or  clay,  rammed  in 
quite  tight ;  the  needle  was  then  withdrawn,  and  a  rush  inserted. 
This,  when  ignited,  burned  gradually  down  to  the  powder,  allow- 
ing sufficient  time  for  the  miner  to  reach  a  place  of  safety.  The 
iron  needle  at  times,  when  struck  with  the  mallet,  would  give 
a  spark  of  fire  which  ignited  the  powder,  and  serious  accidents 
were  caused  thereby.  About  thirty  years  since  a  copper  needle 
was  substituted ;  but  such  was  the  force  of  habit  and  the  slight 
additional  cost  of  copper  needles  over  iron,  that  a  system  of 
fines  was  found  to  be  necessary  before  this  improvement  was 
established. 

About  twenty  years  ago  the  copper  tamping«needle  was  super- 
seded by  the  safety-fuse,  a  small  hempen  cylinder  saturated  with 
tar  and  filled  with  powder.     This  is  still  in  use. 

1087.  After  the  ore  has  been  detached  from  its  matrix,  it  is 
necessary  that  it  should  be  transported,  in  the  most  convenient 
way,  to  the  bottom  of  the  shaft,  up  which  it  is  to  be  brought  to 
the  surface ;  and  in  large  and  well-regulated  mines,  tram-roads 
are  now  commonly  used,  and  the  dimensions  of  the  waggons,  or 
corves  (from  the  G^e^man  Jcorb,  a  basket),  very  carefuSy  calcu- 
lated ;  but  in  many  mines,  more  especially  those  m  South  America, 
human  labour  is  still  employed,  men,  and  even  women,  carrying 
on  their  heads  heavy  weights  up  the  numerous  and  steep  ladders 
that  communicate  with  the  upper  ground.  In  France  and  Ger- 
many, and  in  our  own  countiry,  human  labour  is  also  employed, 
although  chiefly  in  propelling,  or  drawing  along  underground 
galleries,  the  loaded  waggons  charged  with  the  mineral  produce 
of  the  mine. 
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1088.  Great  improvement  has  been  effected  of  late  years  in  the 
mode  of  furthering  the  ores  imdergroimd,  by  the  introduction 
of  such  small  tram-roads  and  waggons,  instead  of  the  old  practice 
of  wheelbarrows  and  planks;  and  the  saving  of  expense  thus 
effected  is  very  great,  amounting,  in  fact,  to  one-half  the  former 
cost.  Many  extensive  mines  are  provided  with  nules  of  subter- 
raneous railroad,  and  the  advantage  is  greater,  because  for  the  most 
part  there  is  a  slight  descent  from  the  workings  to  the  bottom  of 
the  shaft,  to  allow  of  a  more  complete  system  of  drainage  than 
could  otherwise  be  attained. 

The  ores  are  usually  lifted  by  machinery  from  the  bottom  of 
the  shaft  to  the  surflEtce,  and  in  all  extensive  mining  operations 
this  machinery  (the  whim)  is  worked  by  steam-power;  but  al- 
though steam-whims  are  now  common,  horse-power  is  stiU  used  to 
some  extent.  The  quantity  wound  up  at  one  time  varies,  but 
sometimes  amounts  to  half  a  ton,  or  more.  In  a  very  few  instances 
inclined  planes  assist  in  raising  the  ore,  but  it  is  only  under  pecu- 
liar circumstances  that  they  can  be  used  with  advantage. 

1089.  The  veins  of  copper  and  tin,  common  in  Cornwall,  are  for 
the  most  part  not  sufficiently  thick  to  recjuire  any  extraordinary 
contrivances  in  extracting  tne  mineral  nches,  but  more  or  less 
timbering  is  almost  always  necessary  to  avoid  the  danger  that 
would  arise  from  the  sinking  in  of  the  upper  side  of  the  vein*. 
In  other  copper  districts  where  the  lodes  are  of  larger  dimensions, 
the  support  of  the  mine  is  of  even  greater  importance,  so  that  this 
department,  though  more  mechanical  than  mining,  is  always  of  the 
greatest  importance.  In  Derbyshire  and  Alston  Moor,  however, 
whence  the  chief  supplies  of  lead  ore  in  England  are  obtained,  the 
veins  traversing  the  mountain  limestone  swell  out  and  become 
productive  chiefly  or  entirely  in  one  bed  of  limestone,  and  they 
there  attain  so  great  a  thickness  as  to  admit  of  being  extracted  by 
methods  very  dfierent  from  those  necessary  to  be  resorted  to  in 
the  Cornish  mines. 

1090.  !From  what  has  been  already  stated  it  will  be  understood, 
that  between  every  two  successive  levels  on  each  side  of  the  shaft 
a  belt  of  the  lode  mtervenes.  These  belts,  below  the  point  where 
the  course  of  ore  is  reached,  are  worked  by  contract  according  to 
their  magnitude  and  estimated  quality.  They  are  csLlleA  pitches, 
and  the  work  is  set  by  the  pitch  on  appointed  days,  each  mine 
having  its  own  setting  day.  The  process  is  as  follows : — ^At  the 
proper  time  and  place  the  tributers  and  the  captains  of  the  mine 

*  The  quantity  of  timber  used  annually  in  the  Cornish  and  Devon  mines  is  very  considerable, 
and  consists  almost  entirely  of  Norwegian  pine.  Sir  Charles  Lemon  having  counted  the  rings 
of  annual  growth  on  several  of  the  trees,  considers  that  the  average  age  of  the  timber  employed 
in  the  Cornish  mines  is  about  120  years,  and  that  it  would  require  140  square  miles  of  Norwegian 
forest  to  afford  a  supply  for  these  mines.— De  la  Heche's  Report,  ante  ct<.,  p.  573. 
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meet  together.  It  should  here  be  mentioned,  that  the  captains 
are  invariably  men  who  have  risen  from  the  rank  of  miners.  It  is 
their  duty  to  set  and  superintend  the  work — ^to  do  both  of  which 
properly  they  must  firequently  descend  into  the  mine.  There  are 
one  or  more  of  them,  accorcung  to  the  extent  of  the  miae,  and 
one  at  least  is  generally  underground.  The  setting  is  a  spe- 
cies of  auction — ^the  captains  being  the  auctioneers,  the  miners 
the  bidders,  and  the  pitches  the  subject-matter  of  the  transaction. 
Since  the  previous  setting-day  more  pitches  may  have  been  opened, 
either  by  the  further  sinking  of  the  shafts,  and  the  construction  of 
additional  levels,  or  by  the  extension  of  the  levels  already  existing. 
It  frequently  happens,  too,  that  pitches  ab*eady  partially  worked^ 
but  abandoned,  may  be  offered.  In  such  cases  they  may  be  taken 
by  different  parties,  or  by  the  same  parties  at  a  higher  rate.  Both 
miners  and  captains  are  supposed  to  have  a  knowledge  of  the 
quality  of  the  pitches,  and  it  is  upon  this  knowledge'  that  they 
proceed  to  business.  The  pitches  are  put  up,  one  after  another, 
not  to  the  highest,  but  to  the  lowest  bidder.  There  are  maps  of 
each  mine ;  and  the  pitches,  levels,  shafts,  and  winzes  are  aU  as 
well  known  to  the  parties  concerned  as  are  their  streets  to  the 
denizens  of  a  town.  Pitch  so-and-so  is  put  up,  and  the  bidding 
commences.  The  offer,  on  the  part  of  the  captains,  is  to  set  the 
lode  to  the  party  that  will  work  it  for  the  smallest  share  of  the 
proceeds.  This  explains  the  position  of  the  tributer,  and  the  cha- 
racter of  his  work.  He  does  not  work  for  fixed  wages,  or  for  so 
much  per  fathom,  but  becomes,  quoad  the  portion  of  the  mine 
which  he  engages  to  work,  a  partner,  as  it  were,  in  its  profits  and 
losses.  The  share,  in  consideration  of  which  he  will  work  a  pitch, 
depends  upon  his  belief  as  to  the  quality  of  the  lode  at  that  parti- 
cular point.  Thus,  he  will  offer  to  work  a  rich  pitch  for  five  shil- 
lings m  the  pound  ;  that  is  to  say,  for  five  shillings  out  of  every 
pound's  worth  of  ore  which  he  may  raise  to  the  surface.  This  is 
called  his  tribute.  To  work  a  poor  pitch,  however,  which  yields 
but  a  little  ore  to  a  great  deal  of  labour,  he  may  ask  as  high  as 
thirteen  shillings  in  the  pound.  Sometimes  he  will  work  at  a 
lower  rate  than  five  shillings ;  but  when  the  ore  is  so  rich  as  to 
tempt  him  to  go  much  lower  than  that,  the  adventurers  generally 
give  it  out  on  tut  by  the  fathom,  retaining  all  the  produce  to 
themselves.  Between  four  shiUings  and  thirteen  shillings  in  the 
pound  is  the  range  at  which  the  tribute  man  generally  works.  It 
is  seldom  that  there  is  any  indiscriminate  bidding,  or  any  great 
scramble  at  the  settings.  Men  who  have  obtained  a  footing  in 
the  mine  have  generally  the  preference  over  strangers.  The  cap- 
tain has  generally  his  price  for  each  pitch  ;  and  if  it  is  a  new  set- 
ting for  the  same  pitch,  he  usually  offers  it  to  the  party  who  have 
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already  worked  it.  If  they  take  it,  the  matter  so  far  is  at  an  end; 
if  not,  it  is  then  put  up,  and  the  lowest  bidders,  before  a  stone 
which  is  thrown  up  falls  to  the  ground,  receive  the  work. 

1091.  The  pitches  are  set  for  two  months  at  a  time,  an  ar- 
rangement advantageous  to  all  parties ;  for  if  the  tributers  find  a 
pitch  poorer  than  they  anticipated,  they  are  not  obliged  to  work  it 
for  a  greater  length  of  time ;  whereas,  if  it  turns  out  much  richer 
than  was  expected,  the  adventurers  will  be  enabled,  at  the  end  of 
that  period,  to  secure  their  fair  share  of  the  produce.  The  tributers 
have  this  further  advantage,  that  should  they  find  the  pitch  very 

Eoor,  they  may  throw  it  up  at  the  end  of  a  month,  although  they 
ave  taken  it  for  two ;  and,  in  such  a  case,  it  may  be  reset  to 
them  at  a  higher  rate. 

It  has  been  already  intimated,  that,  in  setting  the  pitches  and 
giving  out  tut  work,  a  preference  is  usually  riven  to  those  who 
have  been  established  in  the  mine,  provided  they  are  disposed  to 
take  the  work  at  or  near  the  captain's  price.  This  preference  has 
given  rise  to  the  practice  of  taking  "farthing  pitches,"  as  they 
are  sometimes  called ;  that  is  to  say,  taking  a  pitch  at  the  low  and 
merely  nominal  tribute  of  a  farthing  in  the  pound.  The  object  of 
doing  so  is  simply  to  get  established  in  the  mine.  At  the  next 
setting  those  parties  will  be  on  the  same  footing  as  those  who 
preceded  them  in  the  mine.  But  advantageous  as  this  appears  to 
be  to  the  adventurers,  it  is  not  in  reality  so.  Beyond  getting 
established  in  the  mine,  the  men  have  no  inducement  to  work, 
their  tribute  being  merely  nominal.  The  consequence  is,  that 
they  waste  their  time,  doing  little  or  no  work  whilst  below,  to  the 
obvious  detriment  of  the  adventurers.  This  is  now  so  clearly 
seen,  that  in  most  mines  the  system  of  farthing  pitches  has  been 
discontinued ;  the  adventurers  having  been  all  the  more  inclined 
to  depart  from  it,  from  the  umbrage  which  it  frequently  gave  to 
those  who  had  been  long  in  their  employment. 

When  a  pitch  is  set,  it  is  marked  down  in  the  books  of  the 
mine  as  set  to  such  and  such  a  party.  Their  names  or  marks  are 
all  subscribed  to  the  notification.  The  party  varies  in  number, 
according  to  the  nature  of  the  pitch,  and  the  quantity  of  labour 
which  will  have  to  be  expended  upon  it.  Sometimes  the  party 
does  not  exceed  four ;  at  other  times  it  consists  of  six  or  eight ; 
and  occasionally  extends  to  twelve. 

1092.  The  share  of  the  tributer  is  determined  as  to  its  amoimt 
by  the  value  of  the  ore  when  ready  for  market.  He  has  there- 
fore not  only  to  extract  it  from  the  lode,  but  also  to  prepare  it  for 
market.  This  is  done  on  the  surface  by  those  whom  he  employs 
for  the  purpose.  At  every  mine  there  is  a  large  number  of  surface 
workers ;  amongst  whom  may  be  seen  some  men,  but  the  majority 
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of  whom  are  women  and  boys.  They  conetitute  from  one-fifth  to 
one-fourth  of  the  whole  number  employed  in  and  about  the  mine. 
These  surface  workers  are  almost  &il  in  the  pay  of  the  tributers 
or  underground  men.  It  is  their  business  to  take  the  ore  as  it 
eoroes  from  the  shaft — to  have  it  stamped,  cleaned,  and  waahed, 
and  prepared  for  the  smelters.  The  larger  masses  are  broken  with 
hammers,  gener^y  by  women,  until  the  whole  pile  is  in  pieces 
about  the  size  of  a  large  egg.  If  the  ore  is  very  rich,  it  is  then 
carried  to  the  rollers,  oetweeu  which  it  is  crushed.  It  is  then 
ready  for  market.  This  appliea  only  to  the  copper  ore,  which  is 
considered  good  in  England  if  it  has  from  eight  to  twelve  per  cent. 
of  metal  in  it.  The  preparation  of  the  tin  and  lead  ores  is  very 
different.  The  former  often  cornea  to  the  surface  with  no  more 
than  six  per  cent,  of  metal ;  hut  before  it  is  ready  for  market,  and 
in  a  state  fit  to  be  received  by  the  smelters,  it  has  to  be  "  worked 
up  "  until  it  contains  seventy-five  per  cent. — in  other  words,  the 
great  hulk  of  the  drosa  must  oe  got  rid  of. 

1093.  For  this  purpose  the  ore  is  first  taken  to  the  staiwg, 

which  are  of  various  dimensions   and  power;  they  are  usually 

driven  by  ■water-wheels,  and  are  generally  sufficiently  simple  in 

their  construction.     The  annexed  diagram  (fig.  248)  in  a  sectional 

Fig.  248. 


tles(p). 
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working  up  and  down  within  a  box  or  trough  (o,  n),  open  behind,  to 
admit  the  ore  which  slips  in  under  the  pestles,  being  carried  along 
by  a  stream  of  water  falling  over  an  inclined  plane.  Each  pestle 
is  of  wood,  measiLring  about  6  inches  by  5  in  the  square,  and  of 
convenient  length.  Each  also  carries  a  Mting-bar  secured  with  a 
wooden  wedge  and  iron  bolt,  and  each  terminates  below  in  a  lump 
of  cast-iron  called  the  head,  which  is  fastened  to  it  by  a  tail,  and 
we^jhs  about  2^  cwt.  The  shank  of  the  pestle  is  strengthened 
with  iron  hoops.  A  tumiag  shaft  (a?,  y)  is  so  arranged  as 
to  communicate  motion  by  cams  placed  round  its  circumference, 
lifting  the  pestles  in  succession  by  their  lifbing-bars,  and  then 
allowing  them  to  fall  through  a  space  of  eight  or  ten  inches.  They 
are  arranged  in  such  a  way  in  the  trough,  that  one  falls  while  the 
others  are  upHfted.  There  may  be  four  cams  for  each  pestle,  and 
about  seven  revolutions  of  the  shaft  per  minute,  giving,  therefore, 
twenty-eight  stamps  per  minute  from  each  pestle.  Two  sets  of 
three  or  four  pestles  each,  with  the  trough  in  which  they  work,  is 
called  a  battery,  and  a  battery  of  six  pestles  will  pound  about  sixty 
cubic  feet  of  the  ordinary  tin  stuff  of  Cornwall  (weighing  perhaps 
four  or  five  tons)  in  twelve  hours. 

In  front  of  the  troughs  there  are  openings  fitted  with  an  iron 
frame,  the  openings  measuring  about  8  inches  square.  This  frame 
is  closed  with  sheet-iron,  bored  conicaUy  with  a  large  number  of 
holes  in  the  square  inch,  the  narrow  side  of  the  hole  being  towards 
the  inside.  The  ore  passing  out  by  these  holes  is  received  into 
basins,  where  it  is  separated  by  water  into  several  kinds  of  mud 
afterwards  sifted.  The  best  part  of  the  ore  sinks  immediately  at 
the  upper  end  of  these  beds,  the  dross  not  sinking  until  it  reaches 
the  lower  end.  This  dross,  still  containing  some  metal,  is  again 
washed,  by  being  divided  into  other  beds  similarly  situated,  and 
the  process  is  resumed  until  little  but  dross  remains.  In  this 
way  the  ore  is  worked  up  to  the  requisite  quality. 

1094.  Copper  ore  when  not  very  rich,  is  passed  through  a 
crtishinff  mut  before  being  sent  to  the  stamps.  This  crushing 
mill  or  grinder  consists  of  one  or  more  pairs  of  iron  rollers  placed 
a  very  short  distance  apart,  and  kept  in  motion  either  by  the  direct 
action  of  a  water-wheel,  or  steam-engine,  or  by  cog-wheels  attached 
to  it.  Immediately  above  the  roUers  is  a  hopper,  into  which  the 
lumps  to  be  crushed  are  thrown,  when,  falling  through  between 
the  roUers,  they  are  completely  broken  into  small  fragments.  In 
some  crushing-mills  there  are  two  or  three  pairs  of  rollers,  those 
below  being  placed  yery  near  together,  so  as  to  reduce  the  stuff 
falling  from  above  still  finer ;  and  by  an  ingenious  application  of 
sieves  kept  in  motion  by  the  machine,  the  stuff  can  be  sorted  into 
two  or  three  different  sizes.    Although,  by  passing  through  the 
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crushing-mill,  the  material  b&a  been  reduced  to  very  small  frag- 
ments, it  is  not  all  sorted ;  but  in  the  next  proceaa,  by  the  jigging- 
machine,  or  "  hreak-aiere,"  thia  is  done  to  a  considerable  extent. 

1095.  The  Jiqaing-  „ 
machine  i&gMfZr  ^'^^ 
eists   of    a    wooden 

frame,  open  at  the 
top,  and  proTided  with  i 
a  strong  screen,  or 
iron  grating,  at  the 
bottom :  it  hangs  over 
a  cistern  of  water, 
being  suspended  to  a 
long  lever,  the  motion 
of  which  alternately 
plunges  it  into  the 
water,  and  raises  it 
out  with  a  peculiar 
jerk  each  time.  The 
ores  being  placed  in 
the  sieve,  snd  sub- 
jected for  a  short  time 
to  this  operation,  the 
heavy  metallic  pieces 
settle  at  the  bottom, 
while  the  lighter  frag-  „.     ,        ..        ... 

„=  =j  Sieve  (Cii  wuhingorjigging  om. 

mentS  Oi  spar  and  i„  o.;,  ™triTMi«  the  ™v.  c  l.  ™.pendfd  hj  the  rod  *  in 
Vemstone  are  thrown         fte  tub  n,  uid  !■  shikeD  b^  movii^  the  md  ■,  ilidii^  in  H 

to  the  top,  and  every  ■■'  -^  "-"^  »»  """"n""  '■ 
now  and  then  dexterously  skimmed  off  with  a  piece  of  board  by 
a  man  who  stands  by.  In  the  operation  of  jigging  a  very  import- 
ant separation  is  effected,  as  three  products  are  obtained  by  it : 
the  small  rich  particles,  which  pass  through  the  sieve  into  the 
cistern  below,  and  are  removed  occasiontdly  as  may  be  necessary ; 
the  latter  rich  fragments  which  occupy  the  bottom  of  the  cistern ; 
and  the  poor  earthy  matter  which  forms  a  layer  at  the  top.  This 
last  product,  although  poor,  still  contains  too  much  metal  to  be 
lost :  it  consists  of  small  fragments  of  rock  or  veinstone,  many  of 
which  have  particles  of  meUl,  either  attached  to  them  or  inter- 
mixed with  them,  and  to  any  eye  hut  that  of  the  miner  these 
would  appear  quite  worthless,  no  less  from  the  small  quantity  of 
the  ore  than  the  manifest  difficulty  of  separating  it  from  such  a 
mass  of  stony  matter. 

1096.  To  extract  the  ore  from  this  refuse  matter,  sevend  processes 
areadopted.  Themost  important  are  grinding  between  rollers  placed 
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veiy  dose  to  each  other,  Btamping  to  a  fine  powder  by  the  stamp- 
ing-mill, and  'washiiig  the  powder  upon  an  iuclmed  plane.  In  tne 
latter  operation,  the  fine  metallic  mud,  or  "slime,"  being  caretiiUy 
spread  over  the  inclined  plane  at  the  upper  end,  a  gentle  streant 
of  water  is  allowed-  to  flow  over  it,  which  washes  the  Ught  earthy 
particles  avay,  leaving  the  heavier  metallic  ones  behind  in  a  very 
pure  state.  In  this  process,  however,  and  indeed  in  aU  other 
operations  of  dressing  in  which  a  stream  of  water  is  employed, 
many  of  the  smallest  and  most  minute  particles  of  the  ore  are 
carried  away,  the  waste  of  which,  in  an  extensive  mine,  would  be 
considerable.  It  is  therefore  arranged  that  all  such  water  shall  pass 
into  successive  reservoirs,  termed  "  slime-pits,' '  in  whioh  the  metallic 
particles  tall  to  the  bottom,  and  are  from  time  to  time  collected 
and  subjected  to  such  treatment  as  to  obtain  them  in  a  tolerably 
pure  state.  For  this  purpose,  among  other  contrivances,  the  per- 
cuaaion-table  (fig.  250)  is  much  used  in  Germany,  although  not 
often  adopted  in  ^England. 

Fig.  26a 
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power  ii  coQsmimiralHl  b;  thr  ule,  1 1' ,  wlUi  CUni,  cde.  The  ore  il  put 
bCo  the  trough,  t,  and  patMd  orer  Ot  tible  wiCb  mCar.    Thii  eonCrlTuee 

1097,  Tbe  "  tieketiug,"  or  weekly  sales  of  ore,  form  a  curious 
feature  in  Cornish  mining.  The  copper  ore,  on  being  raised  from 
the  mines  and  dressed,  is  put  into  heaps  of  several  tons,  and  is 
well  mised ;  and  a  sampler,  on  an  appomted  day,  fixes  on  a  third 
or  fourth  of  the  dole.  The  parcel  is  divided  into  six  doles,  two 
of  which  ore  cut  in  half,  and  a  slice  taken  off  the  sides  by  a  shovel. 
A&er  subdividing  and  mixing  this,  a  sufficient  quantity  is  put 
into  a  bag  by  each  sampler ;  and  this  is  taken  as  the  sample  of  the 
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whole.  These  are  carried  to  the  different  assay  offices,  where  the 
ore  is  pulverized,  and  an  ounce  (troy)  being  assayed  in  a  crucible, 
with  proper  fluxes,  a  bead,  or  prill  of  copper,  is  found  among  the 
scoria,  if  an  ounce  of  ore  yield  one  pennyweight  of  copper,  the 
produce  of  that  ore  will  be  one  in  twenty,  or  6  per  cent.,  and  so 
on*.  The  "  standard"  of  copper  is  the  term  given  by  the 
smelter  to  denote  the  price  oi  a  ton  of  metal  in  the  ore,  firom 
which  standard  he  deducts  a  certain  price  for  every  ton  of  ore,  or 
as  many  as  may  be  reqxdred,  according  to  its  produce,  to  give  a 
ton  of  copper,  which  sum  is  considered  by  the  smelter  as  an  equi- 
valent for  the  returning  charge,  or  expense  of  reducing  the  ore 
to  a  merchantable  state.  The  returning  charge  is  a  fixed  one, 
being  the  same  for  poor  ores  as  for  rich  ones ;  but,  inasmuch  as 
it  costs  the  smelter  more  to  convert  a  ton  of  rich  ore  than  a  ton 
of  poor,  the  standard  varies  with  the  produce,  so  as  to  equalize 
the  matter — hence  poor  ores  fetch  a  high  standard,  and  rich  ores 
obtain  only  a  low  one,  because,  in  the  former  case,  the  returning 
charge  more  than  covers  the  cost,  and  in  the  latter  is  not  supposed 
to  equal  it. 

A  fortnight's  interval  takes  place  between  the  assay  and  the 
ticketing,  dining  which  time  the  agents  receive  answers  from 
their  principals  as  to  the  price  to  be  offered.  Before  dinner, 
tickets,  containing  offers  from  the  different  copper  companies, 
founded  on  these  assays,  are  produced,  and  the  highest  is  the 
purchaser. 

1098.  The  processes  adopted  in  preparing  lead  ores  for  the 
market  are  not  greatly  different  from  those  above-described,  and 
the  mining  principles  involved  are  of  course  the  same ;  although, 
owing  to  the  fact  that  the  veins  are  chiefly  in  hard  limestone  or 
gritstone  instead  of  shale  or  granite,  there  is  a  certain  amount 
of  modification  hi  details.  We  may  conclude  this  account  with  a 
notice  of  the  preparation  of  lead  in  the  great  mines  of  Allen- 
heads,  in  Norbhumberland,  under  the  management  of  Mr.  T. 
Sopwithf.  The  lead  raised  in  these  mines  amounts  to  about  one- 
fourth  part  of  the  whole  quantity  raised  in  England,  and  one-tenth 
that  of  the  whole  of  Europe. 

*  A  deduction  is  made  equal  to  about  5  per  cent,  of  the  whole  quantity  for  mouture  in  the 
heap  of  ore  to  be  sold. 

t  In  a  thickness  of  about  2000  feet  of  the  altematins  beds  of  sandstone,  day,  and  limestone, 
which  form  the  strata  of  the  mining  districts  of  Allendale,  Alston,  and  Weardale,  thore  is  one 
single  stratum  of  limestone  called  the  "great  limestone,"  the  veins  in  which  have  produced 
nearly,  if  not  quite,  as  much  ore  as  all  the  other  strata  put  together.  Its  tiiickness — which  is 
tolerably  uniform  over  several  hundred  square  miles  of  countnr — ^is  about  60  feet.  In  a  great 
thickness  of  strata  above  the  great  limestone,  only  two  beds  oi  that  rock  are  found.  One  of 
these  is  called  "little  limestone  ;"  it  is  from  10  to  12  feet  thick,  and  is  7S  feet  above  the  top  of 
the  great  limestone.  The  other  is  still  more  inconsiderable,  being  only  3  or  4  feet  thidc,  and  is 
440  feet  above  the  great  limestone.  Beneath  the  great  limestone  are  several  beds  of  the  same 
description  of  rock,  viz.  at  distances  respectively  of  30,  I06, 190, 250,  and  287  feet ;  and  the  thick- 
ness 2,  24, 10,  15,  and  35  feet.  These  are  known  by  descriptive  local  names,  and  comprise  all 
that  are  of  ngnificanoe  as  regards  lead-mining  operations. 
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The  produce  of  the  mineral  veins  varies  from  pure  galena  to 
masses  of  rock  and  spar  in  which  the  ore  is  so  thinly  disseminated 
as  not  to  repay  the  trouble  of  extraction;  and  the  process  of 
preparing  and  dressing,  afber  the  extraction  of  the  ore  from  its 
place  in  the  mine,  consists  of  the  pure  samples  of  ore  being 
picked  out,  washed,  and  sized,  ready  for  being  smelted  at  once, 
without  further  operations ;  and  also  of  the  poorer  samples  being 
washed  and  separated  by  an  iron  grate  or  sieve  into  two  sizes,  the 
larger  having  to  be  ground  between  rollers  to  reduce  it  to  the 
same  size  as  the  smaller,  which  had  passed  the  grate.  When  re- 
duced to  this  stage,  the  whole  is  ready  for  an  operation  called 
"  hotchiag."  This  consists  iu  placing  the  ore  in  a  tub  with  water 
— ^the  bottom  of  which  tub  is  a  sieve — and  subjecting  the  whole 
to  a  rapid  vibratory  vertical  movement,  or  shaking,  by  which  a 
separation  of  the  ore  takes  place.  The  water  so  far  lessens  the 
weight  as  greatly  to  facilitate  the  downward  movement  of  the  ore, 
which  of  course  is  much  heavier  than  the  spar  and  other  materials 
connected  with  it.  The  vibratory  movement  is  sometimes  given 
by  manual  labour :  a  long  arm,  moving  with  a  spring,  is  jerked  up 
Bnd  down  by  a  strong  lad  jumping  on  a  raised  stand,  so  as  to  pro- 
duce the  required  motion.  The  same  results  may  be  obtained  by 
machinery..  The  ore  being  thus  prepared  and  acted  on,  the  upper- 
most part  is  entirelv  wasta  or  refuse,  and  that  at  the  bottom  of 
the  tub  consists  oi  ore  ready  for  smelting.  That  which  passes 
through  the  sieve  requires  clearing  from  foreign  substances,  and 
dressing,  in  a  contrivance  called  a  huddle^  which  is  not  unlike  the 
hotching-tub  above  described. 

In  all  operations  where  a  stream  of  running  water  is  employed 
to  wash  lead  ores,  it  is  obvious  that  many  of  the  smaller  particles 
wiQ  be  carried  away  with  the  stream.  l?nese  particles  are  allowed 
to  settle  by  their  specific  gravity  in  what  are  called  slime-pits, 
being  merely  reservoirs  in  which  the  water  passes  over  a  long 
space  with  a  very  tranquil  movement. 

1099.  It  is  not  possible  to  conclude  this  account  of  mining 
operations  more  appropriately  than  by  a  reference  to  the  import- 
ant subject  of  mining  records,  the  value  of  which  is  often  felt 
in  England,  although,  in  consequence  of  the  small  interference  of 
G-ovemment  in  any  form,  proprietors  are  allowed  sometimes  to 
neglect  their  own  best  interests  to  the  ultimate  injury  of  their  neigh- 
bours' property. 

With  regard  to  mining  records  generally,  perhaps  the  following  are  those 
most  important  to  be  attended  to,  and  copies  of  them  should  be  preserved 
in  some  public  place,  with  respect  to  every  mineral  vein  worked  in  the 
comitry. 

I.  Accurate  underground  plans  of  the  works  on  each  level,  and  vertical  sec- 
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tions  through  ereiy  vem  and  croB8>oourse  worked  in  the  mine.  To  these  plans 
should  be  attached  notes  referring  to  erery  fiault  and  slip  met  with,  its  amount, 
direction,  and  effect  on  the  yein,  and  the  changes  occurring  from  time  to  time 
in  the  vein,  on  passing  into  new  ground,  or  trayersing  a  dyke. 

II.  Various  observationB  and  notes  concerning  the  veins.    These  should 
include — 

A.  The  exterior  relations  of  the  veins » 

1.  Their  position,Tiz.  their  distance  from  known  points,  their  direction, 

and  their  inclination. 

2.  Their  magnitude,  viz.  their  length  and  width  at  various  points,  the 

manner  in  which  they  terminate,  and  the  way  in  which  they  ramify, 

B.  The  internal  state  of  the  veins. 

1.  The  predominating  ores  and  veinstones,  and  the  order  in  which 

they  are  found  in  relation  to  one  another. 

2.  The  other  ores  and  veinstones,  and  the  circumstanoes  under  which 

they  also  occur,  their  frequency,  size,  richness,  and  the  places 
where  they  are  found. 

3.  The  remaining  internal  circumstances  of  the  veins ;  the  fragments 

of  rock  found  mixed  with  the  substance  of  each  vein ;  the  mecha- 
nical condition  of  the  filling  up  of  the  veins ;  the  walls  which 
separate  each  from  the  adjacent  rock ;  and  the  nature  of  the  ad- 
herence of  each  vein  to  the  rock. 

c.   With  regard  to  the  adjacent  rock, 

1.  Its  nature  and  its  geological  relations  with  the  veins. 

2.  The  inclination  of  the  strata,  if  the  rock  is  stratified,  and  the  pre- 

dominating joints  and  divisional  planes. 

3.  The  condition  of  the  rock  near  the  veins,  and  the  greater  or  less 

amoimt  of  decomposition  it  has  suffered ;  a  statement  of  the  me- 
tallic particles  with  which  it  is  impregnated,  and  the  firactures  it 
has  undergone. 

4.  The  effect  of  the  surrounding  rock  upon  the  veins,  as  well  as  that  of 

the  veins  upon  it. 

D.  The  relation  of  the  vein  imder  consideration  with  other 
veins  which  it  meets,  and  reciprocally, 

1.  The  direction  and  inclination  of  the  veins  at  the  point  of  meeting, 

the  nature  of  the  ores  and  veinstones,  and  the  change,  if  any,  that 
takes  place  at  the  intersection. 

2.  The  peculiarities  presented  by  smaller  veins  or  threads,  at  their 

intersection  with  each  principal  vein,  observing  the  following 
points : — 

a.  If,  after  meeting,  they  continue  together  for  some  time. 
5.  If  the  veins  that  meet  the  principal  vein  also  cross  it ;  or, 

c.  If  they  are  crossed  by  it. 

d.  If  they  produce  ramifications,  break  the  vein,  or  are  broken  by 

it ;  disturb  it,  or  have  been  disturbed  by  it ;  and  the  magni- 
tude of  all  these  effects,  if  they  have  been  produced, 
c.  If  thsj  intercept  and  stop  the  course  of  the  principal  vein,  or 
change  it  into  mere  threads,  or  are  themselves  intercepted  by, 
and  swallowed  up  in  it. 
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£.  The  principal  works  done  in  the  vein. 

Under  this  head  should  be  noticed  the  excavations,  and  other  trial  works 
made  in  new  ground,  whether  successful  or  not  in  findine  ore,  as  well  as  all 
details  connected  with  the  regular  worldngs.  An  account  should  also  be  given 
of  the  extent  of  each  mining  property,  and  the  name  of  the  proprietor. 

1100.  The  above  intimation  of  the  kind  of  information  required 
concerning  mineral  veins,  is  chiefly  taken  from  "Werner's  "  New 
Theory  of  the  Eormation  of  Veins,"  a  translation  of  which  into 
English  was  published  at  Edinburgh  in  1809,  and  the  author  adds : — 
"  Such  an  account  of  mineral  repositories  requires  much  trouble, 
and  a  considerable  time,  to  render  it  complete ;  but,  from  the  very 
commencement,  every  step  made  in  the  labour  will  be  profitable 
and  useful  in  itself;  while  it  is  only  by  adding,  from  time  to  time, 
the  new  observations  arising  from  our  labour  that  we  can  hope  to 
render  it  perfect.  Such  a  description  of  a  miTn'Tig  district  would, 
indeed,  form  together  a  complete  and  instructive  whole.  If  our 
ancestors  had  left  us  such  documents  for  two  centuries  past,  or 
even  for  half  a  century,  of  what  advantage  would  it  not  have  been 
to  us  ?  Erom  what  doubts  would  it  not  have  relieved  us  ?  "With 
what  anxiety  do  we  not  turn  over  the  leaves  of  ancient  chronicles 
in  search  of  mformation,  often  veiy  imperfect,  ob8Cvu:e,  and  un- 
certain  ?  "With  what  pleasure  do  we  not  receive  the  least  sketch 
or  plan  of  some  ancient  mine  ?  With  what  pains  do  we  not  rake 
up  the  heaps  of  rubbish  brought  out  of  old  excavations,  to  discover 
pieces  whicn  may  afford  us  some  idea  of  the  substances  which  were 
formerly  worked  out  ?  Yet  between  these  documents  and  those 
which  we  might  obtain  in  the  way  pointed  out  in  the  preceding 
paragraphs,  tiere  is  as  much  diffein^e  as  between  night^and  day^ 
Ought  it  not  to  be  an  obligation  and  a  duty,  for  us  to  collect 
and  leave  to  friture  generations  as  much  instruction  and  know- 
ledge as  possible  on  the  labours  carried  on  in  our  mines,  whether 
it  be  in  those  that  are  still  worked,  or  in  those  which  have  been 
given  up*?" 

1101.  It  is  no  less  necessary  that  mining  records  should  be 
preserved  of  those  districts  worked  for  cosd  and  other  mineral 
produce  obtabied  from  seams  and  beds,  than  that  an  account 
should  be  kept  of  mineral  veins.  "We  may  quote  the  authority  of 
the  late  Mr.  Buddie  with  reference  to  this  subject,  and  in  tes- 
timony of  the  inconvenience  and  unnecessary  expense  which 
have  frequently  been  occasioned  in  the  Newcasfle  and  other  coal- 
fields, as  weU  as  the  many  £a>tal  accidents  which  have  happened 
from  the  want  thereof. 

The  nature  of  the  records,  and  the  information  which  it  is 

*  Werner's  **  New  Theory  of   the  Formation  of  Veins/'  translated  by  Dr.  Anderson, 
p.  a05. 
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suggested  by  Mr.  Buddie  they  might  include,  may  be  arraaged 
under  the  following  heads : — 

1.  The  name  of  the  proprietor  of  the  Biir£fioe  and  minerals. 

2.  The  locality  and  extent  of  the  property. 

8.  The  nomher  and  description  of  the  seams  of  coal  and  other  minerals  which 
it  contains. 

4.  The  thickness  and  quality  of  the  several  seams  of  coal ;  which  of  them  hare 
been  worked ;  to  what  extent  they  have  heen  worked ;  and  why  the  working  of 
any  of  them  has  heen  discontinued,  or  not  commenced. 

5.  The  winning  of  the  colHery,  viz.  the  numher  and  position  of  the  shafts; 
the  difficulties  met  with  in  sinlung,  and  the  method  of  oyercoming  those  diffi.* 
culties. 

6.  The  system  of  working ;  whether  hy  pillars,  hy  the  long  method,  by  panel 
work,  or  in  what  other  way. 

7.  The  dip  and  rise  of  the  colliery.     Description  of  the  dykes,  &c. 

8.  An  account  of  the  accidents  that  have  happened  hy  explosion. 

9.  The  other  accidents  that  have  happened  in  the  coUiery,  with  their  causes. 

10.  The  system  of  ventilation  practised. 

11.  G-eneral  ohservations. 

1102.  To  these  may  be  added,  in  those  districts  where  ores  of  iron 
are  bedded  with  the  coal,  an  account  (1)  of  the  number,  thickness, 
position,  and  extent  of  the  seams  of  iron  ore ;  (2)  their  relative 
value,  and  the  per-centage  of  metal  obtained  from  them ;  and  (3) 
the  manner  in  which  they  have  been  worked,  whether  subordi- 
nately  to  the  coal,  or  as  a  principal  mineral  product*.  Besides 
this,  very  particular  attention  should  be  paid  to  the  preservation  of 
accurate  plans  of  discontinued  workings,  with  such  references  as 
may  render  it  impossible  to  mistake  the  localities  to  which  these 
plans  refer.  This  latter  is  the  more  necessary,  since,  up  to  the 
present  time,  and  even  in  cases  where  reports  of  the  state  of  the 
underground  workings  have  been  preserved,  they  have  often  been 
found  useless,  owing  to  the  impossibility  of  identifying  the  pits. 
This  inconvenience  was  very  strikingly  exhibited  in  the  drowning 
of  the  Hetton  colliery  in  1815,  the  water  breaking  in  from  work- 
ings which  had  not  been  relinqidshed  more  than  seventy  years. 
It  should  be  very  carefully  noted  in  the  description  of  relbiquished 
workings,  whether  the  pits  are  filled  up  or  only  scaffolded ;  and  if 
the  latter,  at  what  deptn.  The  compass  bearings  of  all  the  work- 
ings should  also  be  laid  down,  and  the  amount  of  magnetic  variar 
tion  recorded,  that  at  any  future  time  the  accurate  position  of  the 
underground  excavations  might  be  understood  and  ascertained  at 
once  from  the  plan. 

It  should  also  be  remembered,  that  those  who  are  desirous  of 

*  An  important  commencement  of  these  statutics  was  made  in  1851,  when  Mr.  S.  Blackwell 
of  Dudley  exhibited  a  carefully  selected  series  of  all  the  principal  iron  ores  then  in  use  in 
England,  accompanied  by  a  tabular  statement,  printed  in  the  "  Catalogue  of  the  Great  Exhi- 
bition" of  that  year.  These  samples  were  presented  to  the  Museum  of  Economic  Geology  ; 
and,  in  1856,  appeared  the  first  part  of  a  "  Memoir  on  the  Composition  of  British  Iron  Ores,  by 
Dr.  Percy,  with  an  Introduction,  by  Mr.  Warington  Smyth."    See  ante,  p.  500  et  seq. 
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assisting  in  this  important  work,  should  not  be  deterred  &on^ 

fiving  very  full  and  detailed  accounts  from  the  apprehension  of 
eing  considered  too  prolix  and  tedious,  as  on  such  a  subject  it  is 
more  excusable  to  say  too  much  than  too  little. 

1103.  The  following  statement  of  ores  and  metals  produced 
from  mines  in  the  United  Kingdom  during  the  year  1855,  wiU  be 
useful  for  reference : — 


Copper  ore. 
Tons. 

Lead  we. 
Tons. 

Silyer. 
Ounces. 

Zinc  ore. 
Tons. 

Tin  ore. 
Tons. 

Iron 
Pyrites. 

Tons. 

ComwRll 

161,376 
34,014 

•  «  • 

3,504 

•  •  • 

•  •  • 

4,402 
266 

15^063 

8,962 
4,035 

22,107 

9,627 
L     319 
9,378 
8,527 
3,310 
3,573 
8,240 
9,964 
1,587 
2,005 

211,348 
89,908 

75,435 

62,879 
140 
273 

•  t  • 

51,597 

28,538 

28,983 

4,947 

7,252 

935 
356 

.  • . 
1,394 

•  •  • 

•  •  • 

•  •  • 

3,989 

1,149 

663 

•  •  • 

•  •  • 

8,647 
325 

... 

18,500 
1,840 

1,780 
2,'(X)0 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

200 

•  •  a 

58»600 

Derronshire* 

Northumberland  1 

and  Durham   J  '" 
Lancashire       1 

Cumberland      V 

Westmoreland  J 
Yorkshire 

Derbyshire   

8hmp<>hir<^    .,.,....,.., 

Jt!i\f^  of  Mmi  . . » 

North  Wales    

South  Wales    

ScAtland 

Total 

218,635 

91,634 

561,300 

8,486 

8,972 

81,820 

1545  tons  of  white  oxide  of  arsenic,  and  39  tons  of  nickel  and  cobalt  were 
raised  in  the  Cornwall  and  Devon  mines  (chiefly  the  former)  in  1855,  and  300 
tons  of  nickel  and  cobalt  from  Scottish  mines  during  the  two  years  1854, 1855. 
There  were  also  three  tons  from  Cumberland  mines. 

The  quantity  of  sulphate  of  baryta  raised  in  1855,  chiefly  from  lead  veins, 
amounted  to  1980  tons.  Of  this  quantity  1291  tons  were  from  Ireland,  550 
from  the  Isle  of  Arran,  and  104  from  Alston  Moor.  The  rest  was  from  De- 
vonshire. 

The  following  are  the  estimated  numbers  of  copper,  lead,  and  other  mines  in 
the  British  Islands : — 

Copper  mines. 

England 220 

Wiles 12 

Scotland 15 

Ireland   


Lead  mines. 

Tin  mines. 

318 

130 

179 

•  •  • 

19 

•  •  • 

114 

•  •  • 

247 


530 


130 


*  The  sales  from  the  mines  of  the  Deron  Consols  alone  amounted  to  83,174  tons. 
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Canelunan. 

1104.  The  object  in  the  preceding  pages  has  been  to  offer  to  the 
student  of  Geology  in  systematic  order  those  facts  upon  which  the 
science  is  based,  the  deductions  fairly  made  from  them,  and  the 
more  immediate  and  direct  applications  of  them  to  practice. 
Commencing  with  the  outlines  of  Chemistry,  the  only  sure  basis 
of  natural  knowledge  and  the  alphabet  of  nature's  language,  I 
have  endeavoured  to  explain  in  a  general  way  those  combinations 
of  elementary  substances  most  frequently  met  with,  the  forces 
acting  upon  matter,  and  the  laws  by  which  the  action  of  those 
forces  is  governed.  From  a  very  brief  review  of  these  points  I 
have  proceeded  to  exempHfy  them  in  an  account  of  the  existing 
condition  of  the  earth's  surface,  and  the  changes  now  in  progress 
tending  to  modify  the  physical  features  of  various  parts  of  the 
world,  endeavouring  to  give  a  rational  and  true  account  of  the 
various  phenomena  of  the  surface— the  forms  of  continents  and 
islands,  the  mountain  and  river  systems,  and  generally  the  hori- 
zontal and  vertical  profile  of  our  globe.  All  these  facts  and 
descriptions,  which  together  form  one  great  department  of  Phy- 
sical  Geography,  are  followed  by  a  statement  of  atmospheric  and 
aqueous  action,  going  on  constantly,  and  tending  to  alter  the 
eai^h's  surface  by  reducing  inequalities;  and  this  again  is  suc- 
ceeded by  an  account  of  those  subterranean  movements,  whose 
result  is  to  add  to  inequalities  of  surface  already  existiug,  or  pro- 
duce others  in  new  directions.  It  is  thus  shown  that  there  is 
no  repose  on  or  within  the  earth's  surface,  and  that  every  day 
opens  to  a  different  scene  from  that  which  closed  on  the  previous 
night. 

Taking  then  another  great  department  of  natural  science,  I  have 
endeavoured  to  explain  and  illustrate  the  nature  of  these  solid 
materials,  or  mineral  substances,  of  which  the  whole  superficial 
crust  of  the  earth  is  made  up.  The  singular  relations  of  form,  and 
the  various  other  physical  characters  of  these  substances  are  first 
dwelt  on,  and  then  the  actual  properties  of  the  minerals  them- 
selves. This  part  of  Geology  possesses  an  interest  and  importance 
which  no  one  can  deny,  and  which  requires  special  ana  careful 
study. 

From  the  study  of  the  materials  we  properly  advance  to  that  of 
the  order  of  arrangement  of  these  materials ;  but  I  have  first  en- 
larged on  those  very  important  proximate  elements  of  Geology — 
the  simple  rocks,  as  dis^guished  from,  or  made  up  of,  the  simple 
minerals.  These  and  their  condition  being  explained,  I  have  dwelt 
at  some  length  on  the  structure  and  mechanical  position  of  rocks, 
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endeavouring  to  illustrate  the  true  meaning  and  vast  importance 
of  those  changes  of  condition,  or  phsBnomena  of  metamorphism,  a 
knowledge  of  which  is  the  key  to  all  the  higher  speculations  and 
many  applications  of  Geology. 

Advancing  next  to  the  description  of  rocks,  I  have  illustrated 
this  part  of  the  subject  by  a  brief  account  of  the  various  stratified 
deposits,  commencing  with  those  of  most  ancient  date ;  and,  while 
the  various  rocks  were  brought  successively  under  notice,  in  order 
of  the  date  of  their  formation,  I  have  endeavoured  to  keep  before 
the  reader  constantly  the  fact  that  group  after  group  of  different 
formations — some  deposited  under  water,  and  some  on  land ;  some 
indicating  the  existence  of  a  sea,  and  others  of  an  estuary  or  a  river 
— have  occupied,  one  after  another,  districts  now  elevated  high 
above  the  waves,  and  exposed  to  our  researches.  The  reader  will 
thus  have  perceived  not  only  the  fact  of  successive  deposit,  but 
also  that  the  races  of  animals  and  vegetables  have  changed,  making 
it  clear  that  the  greater  portion  of  the  earth's  crust — so  far  as  it 
is  at  present  known — is  made  up  of  a  series  of  strata  overlying  one 
another  in  regular  order,  and  most  of  them  containing  abundant 
remains  of  organized  beings. 

I  have  also,  from  time  to  time,  alluded  to  the  fact  that  these 
beds  have  been  disturbed  and  displaced  by  mechanical  violence 
acting  from  beneath,  producing  various  appearances  of  movement 
and  dislocation,  and  connected  with  the  more  extreme  cases  of 
metamorphism  and  the  outpouring  of  crystalline  rock  once  exist- 
ing beneath  the  surface  in  a  state  of  igneous  fiision. 

Having  thus  completed  an  outline  of  Descriptive  Geology,  in 
which  analyses  of  most  of  the  rocks  accompany  the  more  general 
descriptions  of  them,  I  have,  in  the  last  place,  explained  more 
immediately  the  mode  of  application  of  Geological  knowledge  to 
engineering  and  mining,  as  the  natural  and  fit  conclusion  to  the 
whole  subject. 

It  only  remains  now  to  state,  that  in  order  to  arrive  at  any 
useftil  practical  result,  the  student  must  possess  clear  and  definite 
notions  concerning  the  fundamental  fexjts  of  Geology,  includiag 
under  this  head  the  nature  of  simple  minerals,  the  laws  of  chemicfd 
combination  and  affinity,  the  nature  of  simple  rocks,  the  position 
of  rocks,  and  the  nature  of  their  disturbances,  dislocations,  and 
metamorphoses.  Without  this  kind  of  knowledge  all  other  is 
superficial  and  essentially  unpractical — ^the  student  may  be  learned 
in  what  others  have  done,  but  he  can  make  no  useful  observations 
or  deductions  that  are  at  all  to  be  depended  on. 

But  let  me  explain  what  this  means.  I  do  not  intend  to  say 
that  in  order  to  become  a  useful  observer  and  to  be  capable  of 
applying  Geological  knowledge  to  practical  purposes  the  student 
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must  be  a  perfect  adept,  or  master  of  all  details  and  views  of  the 
science.  This  is  by  no  means  necessary.  What  is  wanted  is 
rather  a  philosophical  knowledge  of  general  principles — ^a  know- 
ledge obtained  not  merely  by  reading  books  or  iistenmg  to  lectures, 
but  by  reflection  and  actual  obserration.  In  this  way  only  can 
the  pursuit  of  any  science  be  useful,  and  this  is  the  way  in  which 
I  would  hope  the  present  volume  may  be  found  available,  and  to 
some  extent  suggestive.  I  have  endeavoured  not  merely  to  describe 
facts  and  quote  the  observations  of  Field-geologists,  but  also  to 
teach  principles,  leaving  it  te  the  reader  to  apply  these  principles 
and  digest  the  facts,  working  out  thus  a  sufficient  education  in  the 
subject. 

Geology  is  a  science  of  induction  derived  from  a  multitude  of 
ol>6erved  facts  and  experiments— the  experiments  being,  indeed, 
those  which  nature  has  made  for  us,  and  which  it  is  our  business 
to  investigate.  The  facts  observed  are  teo  numerous,  too  distinct, 
and  too  nearlv  connected  te  admit  of  any  fear  that  the  legitimate 
conclusions  that  have  been  drawn  from  them  can  ever  be  shaken. 
By  the  study  of  Geology,  as  of  every  branch  of  Natural  Histery, 
the  mind  becomes  stered  with  knowledge  of  the  highest  import- 
ance and  the  deepest  interest ;  and  in  accumulating,  arranging, 
and  digesting  this  knowledge,  we  gradually  become  Tamil  iar  with 
the  generalizations  to  which  it  leads,  and  are  at  length  able  to 
make  use  of  and  apply  them. 


GLOSSARY 

OP 

SCIENTIFIC  AND  TECHNICAL  TERMS 

VSSDJ3S 

PHYSICAL  aEOaRAPHY,  aBOLOaY,  MINBEALOGY,  AND 

MININa. 


ABRASION.    The  remoyal  of  parfcides  by  rubbing. 

Absobbbkt.    Capable  of  sucldiig  up  fluids.    Thus  ohalk  is  said  to  be  absofhent 

of  water. 
Aoolucatizb  (in  Physical  Gheography).    To  accustom  to  a  climate  different 

fix>m  that  which  is  natural : — applied  bpth  to  plants  and  animals. 
AoosBTiON.    Increase  of  size  or  growth  hy  the  mechanical  addition  of  new 

particles. 
ACEFHALA  (in  Zoology).    A  division  of  mollusca  including  animals  without 

heads.    The  oyster  and  scallop  are  familiar  examples. 
AoiouLAB.    Needle-shaped. 
Acii>in.ors.    Slightly  add. 

AoLiHio  Lute  (in  Physical  G^eography).  ''The  magnetic  equator. 
Adamantine  (in  Mineralogy).    Having  a  lustre  l^e  that  of  the  diamond. 
Adhesion  (in  Chemistry).    The  force  of  cohesion  acting  between  solid  masses 

in  dose  contact  at  many  points. 
Adit  (in  mining).    An  undergroimd  horizontal  gallery  or  tunnd  used  in 

carrying  water  out  of  a  mine  at  the  lowest  convenient  levd. 
Adyentubb  (in  mining).    A  mine  in  actual  work. 
Adyentubebs.    The  shareholders  of  a  mine  in  work. 
Aebolites.    Stones  which  appear  to  have  &llen  from  the  higher  parts  of  the 

atmosphere.    They  are  sometimes  called  Meteorites. 
Ajpfinitt  (in  Chemistry).    The  tendency  of  various  substances  to  combine. 
Affinity  (in  Zoology  and  Botany).    Tkud  condition  of  similarity  in  essential 

characters,  and  not  merdy  similarity  of  form  or  use,  as  in  analogy. 
Afteb-dajcp  (in  mining).    The  gas  (carbonic  add  gas)  produced  in  mines  after 

an  explosion  of  fire-damp. 
AiamLXiE  (a  needle)*    Used  in  Physical  Geography  to  designate  the  peaks  of 

mountains.^ 
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AjjBVU'&bmcvji  (in  Geology).    The  name  giren  to  the  caloareous  excrement 

of  some  of  the  camiyon. 
AxiYE  (in  mining).    That  part  of  a  lode  which  contains  ore  worth  working. 
Alqm  (in  Botany).    A  division  of  plants  including  the  common  sea-weeds. 
AleaiiI  (in  Chemistry).    That  which  after  combination  with  an  acid  produces 

a  neutral  salt. 
Allotbopy  (in  Mineralogy  and  Chemistry).    The  existence  in  one  substance  of 

more  than  one  crystallographical  form  and  different  physical  characteristicB. 
ALLxmirH  (in  Gheology).    Earth,  sand,  gravel,  stones,  and  other  substances 

transported  by  water,  and  not  permanently  buried  beneath  the  waters  of  lakes 

and  seas.    The  adjective  aUuvial  is  often  used.    AJUMmon  is  a  synonym. 
ALFMnrons.    Containing  alumina,  or  rather  silicate  of  alumina,  which  is  the 

base  of  pure  day.    Thus,  aluminous  means  cloffey.    The  word  is  soma-* 

times  used  in  the  sense  of  containing  ahtm^  a  sulphate  of  alumina  and 

potash. 
Alteolus.    Literally  a  socket,  or  small  cavity  or  cell.    Used  in  FaUeontology 

to  signify  the  chamber  of  a  belemnite. 
Amalgam.    A  soft  compound  of  any  metal  with  mercuiy. 
Ammonite  (in  Paleontology).    A  fossil  genus  of  many-chambered  shells  allied 

to  the  Nautilus,  named  £rom  the  resemblance  of  some  common  species  to  the 

horns  on  the  statues  of  Jupiter  Ammon. 
AMOSPHors.    Without  regular  form. 

Amobphozoa  (in  Natural  History).    Animals  without  definite  form — sponges. 
AMT&DALOn)  (in  G^logy).    Almond-shaped.    Any  rock  is  called  by  this  name 

which  contains  rounded  or  elongated  minerals  imbedded  in  some  simple 

mineral  as  a  base. 
AvAxoay.    A  relation  of  resemblance  as  distinguished  from,  that  of  affinity. 
.    See  APFniTTT.    An  analogue  is  a  body  that  corresponds  with  and  represents 

another,  as  a  fossil  species  frequently  does  a  recent  one. 
Analysis  (in  Chemistry).    The  separation  of  a  substance  into  its  component 

elements. 
Anemometeb.    An  instrument  for  measuring  the  force  and  velocity  of  the  wind. 
Angle.    The  inclination  of  two  Hnes,  or  more  than  two  planes,  meeting  at  a 

point ;  or  the  inclination  between  two  planes  that  meet  one  another. 
ANHTDBOtrs.    Without  water.    Simple  minerab,  not  containing  water  as  an 

ingredient,  are  called  anhydrous. 
Animalcttles.    The  name  given  in  2Soology  to  exceedingly  small  animals  which 

cannot  be  studied  without  the  assistance  of  the  microscope* 
Anomaly.    An  exception  to  a  law. 
Anoflothebitjm  (in  Paleontology).    The  name  given  to  a  characteristic  genus 

of  a  group  of  extinct  quadrupeds  found  fossil  in  the  older  Tertiary  deposits, 

and  nearly  allied  to  the  tapir  and  pig.    The  PalcBoiherviMn  is  another  genus 

also  characteristic  and  nearly  allied. 
Antagonist  fobces  (in  Physics).    Two  powers  in  nature,  one  counteracting 

the  other  and  preserving  a  general  equilibrium  at  the  earth's  surface* 


aiiOSSABY  OF  TEBMS.  559 

AirrABcnc.  Opposite  the  Arctic.  The  name  given  to  the  southern  as  distin- 
guished {pom  the  northern  or  arctic  region  of  the  earth. 

Antxdilittiak.  Before  the  deluge — a  term  generally  employed  in  reference  to 
periods  of  great  but  indefinite  antiquity. 

Anthbacitb.    a  kind  of  coal  haying  no  bitumen. 

Antiolikal,  or  Anticlinal  axis  (in  Geology).  A  saddle-shaped  position  of 
rocks,  the  result  of  disturbance. 

Antipodes.  The  inhabitants  of  that  district  of  the  earth  diametrically  opposite 
to  the  one  in  which  the  person  using  the  term  may  happen  to  be  at  the  time 
or  may  refer  to. 

Aquafortis.    Nitric  acid. 

Aqua-bb&ia.  a  mixture  of  nitric  and  muriatic  acids  capable  of  dissolving 
gold. 

Aqtjbous.  That  which  is  dependent  on  water.  Aqueous  rocks  are  those  pro- 
duced by  deposits  fix>m  water. 

Aboh  (in  mining).  A  part  of  the  lode  or  country  left  standing  to  support  the 
mine.    A  drift  or  hole  cut  through  a  pillar  left  to  support  the  mine. 

Abohifelago  (in  Qeography).    An  important  sea  containing  numerous  islands. 

Abctio.    Northern.    Thus  we  speak  of  the  Arctic  circle,  the  Arctic  pole,  &c. 

Abba.    A  space.    Any  limited  district  is  sometimes  called  an  area. 

Abenaoeous.    Sandy. 

Ab&entifebous.    Containing  silver. 

ABaiLLAOEOTJS.    Clayey. 

Abtbsian  Sfbinos  and  Wells.  Wells  obtained  by  sinking  through  strata 
impermeable  to  water  into  other  strata  containing  water  under  pressure. 

Abtioulata  (in  Zoology).  A  natural  division  of  animals,  having  their  limbs 
articulated  or  jointed  together,  like  the  lobster. 

AsHLEB.    The  name  given  to  fi*eestone  when  squared  for  building  purposes.  ^ 

Assay  (in  mining).  The  determination  of  the  quantity  of  a  metal  contained 
in  a  metalliferous  ore. 

Athosphebe.  The  whole  body  of  the  air  floating  above  the  solid  and  fluid 
matter  on  the  earth. 

Atoll.  A  coral  island  of  circular  or  oval  shape,  consisting  of  a  circular  strip 
of  coral  surrounding  a  central  lake  of  salt  water. 

Atoh.    The  name  given  to  the  ideal  ultimate  particles  of  elementary  bodies. 

Attle  (in  mining).    Bubbish,  thrown  out  of  a  mine,  containing  little  or  no  ore. 

Attbaction.  The  force  which  tends  to  bring  one  mass  of  matter  in  contact 
with  another. 

AxTBrFEBOUS.    Containing  gold. 

AvBOBA.  An  appearance  of  light  in  the  heavens,  probably  connected  with  the 
disturbance  of  magnetic  equilibrium.  When  proceeding  from  the  neighbour- 
hood of  the  North  Pole  it  is  called  an  aurora  boreaUs^  when  from  the  south, 
an  aurora  australia. 

Avalanche.  A  mass  of  snow  detached  from  great  heights  in  a  lofty  mountain 
district,  and  falling  into  a  valley  below,  often  causing  great  destruction. 
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Axis.    See  Aktioukal  and  SYFCLiirAL  Axis. 
AzOTX.    Nitrogen  gas. 

BACULITE  (in  Faleeontology).    A  Btraight,  many-chambered  shelly  somewhat 

resembling  an  ammonite  unwoimd. 
Back  of  a  lode  (in  mining).  .  That  part  of  a  lode  which  oociques  a  position 

above  the  adit  krel.    The  top  or  upper  part  of  the  lode. 
Bal  (in  mining).    A  Cornish  miner's  term  for  the  mine. 
Bab  of  asouiTD  (in  mining).    A  band  of  rock  of  a  different  description  to  the 

general  country. 
Bab-hasteb  (in  Derbyshire  lead-mining).    The  officer  appointed  to  measme 

the  ore  and  superintend  the  mines  of  a  district. 
Bab-hotb  (in  mining).    A  hall  or  court  in  which  trials  relative  to  Derbyshire 

lead  mines  are  held. 
Babombteb.    An  instrument  for  measuring  the  weight  or  pressure  of  the  air 

by  comparing  it  with  that  of  a  column  of  mercury  or  water.    The  Aneroid 

harometer  is  a  modification  without  fluid.  , 

Babbixb-bebp.    a  reef  or  bank  of  coral  parallel  and  forming  a  barrier  to  .an 

island  or  coast-Hne,  and  at  some  dLstance  from  the  coast. 
Babalt  (in  Geology).    An  igneous  rock,  often  columnar  and  supposed  to  be 

ancient  lava.    It  is  the  most  common  of  the  group  called  2Va^rocAr«. 
B ABIK  (in  Physical  Geography) .    An  area  of  drainage  including  the  whole  space 

drained  by  a  river  and  aU  its  tributaries. 
Babix  (in  Geology).    The  name  applied  when  deposits  lie  in  a  hoUow  or  trough^ 

like  the  bed  of  a  lake. 
Babset.    The  outcrop  of  a  stratum. 
Beach.    The  shore  of  the  sea. 

Bed  or  Stbatum  (in  Geology).    A  layer  of  material  the  whole  of  which  ex- 
hibits some  common  character.    A  bed  may  or  may  not  exhibit  stratification 

or  lamination.    N.B.  The  plural  of  stratum  is  strata, 
BxLBMinTE   (in  Faheontology).     A  dart-shaped  shell,  probably  the  ancient 

representative  of  some  of  our  cuttle-fish.  The  shell  is  conical  and  chambered. 
Betblhbnt  (in  Crystallography).    The  replacement  of  edges  by  planes  equally 

inclined  to  the  adjacent  faces. 
Bind  (in  mining).    The  name  given  to  argillaceous  or  clayey  shale.    Sindsaare 

often  associated  with  coal. 
BnKGt  (in  mining).  A  measure  of  weight  used  in  the  Derbyshire  mining  district. 

The  bing  is  8  cwt. 
BlNChHOLB  (in  mining — ^a  Derbyshire  expression).    A  hole  in  which  ore  is 

thrown. 
Bit  (in  mining).    The  steeled  end  of  a  borer. 
BiTUMEK  (in  Geology).    Mineral  pitch  often  found  in  limestones  and  sandstones 

of  the  carboniferous  period. 
BiTUHnrotrs  shale  (in  Geology).    An  argiU^u^eous  shale  much  impregnated 

with  bitumen. 
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Blick  tin  (in  mining).    Tin  ore  ready  for  smelting. 

Blast  (in  Metallurgj).    The  air  forced  into  a  fiimaoe  to  aaeist  combustion. 

Blast-holes  (in  mining).    The  holes  through  which  water  enters  the  wind'bore 

or  bottom  cylinder  of  a  pump. 
Blowxb  (in  coal-mining).  A  puff  of  carburetted  hydrogen  gas.  given  off  during, 

or  in  consequence  of,  mining  operations. 
Blitff.    a  high  bank  presenting  a  precipitous  front  to  the  sea' or  a  river. 
BoABD  or  BoABD-eATB  (in  coal-mining).    An  adit  driven  iu  a  direction  trans- 

verse  to  that  of  the  grain  or  fiiee  of  the  coal. 
Bob  (in  mining).    The  engine-beam. 

BoTBYOiDAL  (in  Mineralogy).     Clustered. like  a  bunch  of  grapes. 
Bottoh-lift  (in  mining).    The  deepest  tier  of  pumps. 
Bottoms  (in  mining).    The  deepest  part  of  a  mine  that  is  wrought  either  by 

stopuig,  driving,  or  otherwise  breakuig  the  lode.    The  bottom  of  a  mine  is 

also  called  the  sole, 
BoxniDEBS  (in  G«ology).     Large  rounded  or  angular  blocks  of  st-one,  often 

unlike  the  underlying  rocks,  imbedded  in  loose  soil  or  gravel,  and  brought 

from  a  distance. 
BouKDS  (in  mining).    The  limits  of  mining  properties. 
Bowse  (in  Derbyshire  lead-mining).    Lead  ore  as  cut  from  the  vein. 
Bbace  (in  mining).    The  mouth  of  a  shaft. 
Bbachiofoba  (in  Zoology).    A  group  of  shell-bearing  animals  having  two 

long  spiral  arms  serving  to  assist  in  locomotion  and  for  other  purposes. 
Bbanoh  (in  mining).    A  smaU  vein  connected  with  a  lode  and  leading  to  it. 

If  a  lode  is  divided  into  several  strings,  each  one  is  caUed  a  branch ;  and  this 

whether  ore  be  present  or  not. 
Bbattioe  (in  coal-mining).     An  underground  wall  made  of  wood:  the  inter- 
val between  two  such  walls  is  sometimes  filled  with  rubbish. 
Bbbast  (in  coal-mining).    The  face  or  front  of  coal-workings. 
Bbbccla  (in  Geology).    A  rock  made  up  of  angular  fragments  of  various  mate- 
rials cemented  together  by  lime  or  other  substance. 
Bbood  (in  mining).    Impurities  mixed  with  ore* 
Bbown-coal  (in  Gteology)*    Tertiary  coal  or  lignite  j  vegetable  matter  only 

partially  mineralized. 
Bbtle  (in  mining).    The  trace  of  a  lode  found  in  loose  matter  near  the  surface. 

This  word  is  sometimes  written  hroiL 
BuOBlNa  (in  mining).     Crushing  ore.    A  buchinff-iron  is  the  tool  (a  kind  of 

flat  hammer)  with  which  ore  is  crushed  by  hand.    A  huching-plate  is  an  iron 

plate  on  which  ore  is  bucked. 
BuDDLB  (in  mining).    A  pit,  frame,  or  trough  filled  with  water,  by  means  of 

which  ores  are  separated  from  earthy  substances  by  washing. 
Btjponitb  (in  Geology).    A  name  sometimes  given  to  the  teeth  and  palatal 

bones  of  some  fishes  found  fossil. 
BuHB-STONB  (in  Geology).    A  siliceous  rock  ftdl  of  cavities,  found  in  America, 

and  used  as  a  millstone.     Sometimes  spelt  Burr-stone, 

2b5 
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BiTNCH  (in  mining).    A  quantity  of  ore  of  small  extent — ^more  than  a  stone  and 

not  so  much  as  a  course.    A  mine  is  said  to  be  bunchy  when  the  yield  is 

irregular,  sometimes  rich,  sometimes  poor. 
BuBDBN  (in  mining).    The  top,  waste,  or  deads  in  stream  works  lying  above 

the  stream  ore. 
BVBBOW  (in  mining).    A  heap  of  deads,  attle  or  rubbish  round  the  shaft  of  a 

mine. 
BiTTTY  (in  ooal-mining).    A  person  who  contracts  to  raise  coal  either  by  weight 

or  measure  horn  a  mine  already  opened. 
B YSSUB  (in  Zoology) .    A  tuft  of  hairs  or  beard  attached  to  oertain  biyalye  shells, 

and  fiistening  the  animal  to  a  rock. 

CAIBNGOBUM.    A  variety  of  quartz  crystal. 

CaIi  (in  mining).    Wolfram.    Found  in  veinstone* 

Calamine.    The  common  ore  (carbonate)  of  zinc. 

Oalamite  (in  Gheology).    A  fossil  from  the  coal-measures  resembling  a  gigantdo 

reed  (Caldnnos). 
Calo  SUTTEB  (in  Geology).    A  calcareous  deposit  derived  from  springs  holding 

carbonate  of  lime  in  solution. 
Calgaibe  &BOSBIEB  (in  Geology).    A  coarse  limestone  of  the  Older  Tertiary 

period,  found  in  the  Paris  basin. 
Caloaibe  siliceuz  (in  Geology).    A  compact  siHceous  limestone  sometimes 

replacing  the  calcaire  grossier. 
CaIiCabbous.    Containing  lime. 

Calcine.    To  bum  to  a  calx  or  friable  earthy  residuum. 
Calp.    An  impure  limestone  belonging  to  the  Carboniferous  and  Devonian 

series. 
Cambbian.    Belonging  to  Wales.    The  '*  Cambrian  system"  in  Geology  is  a 

name  suggested  by  Professor  Sedgwick,  to  designate  the  lowest  series  of 

fossiliferous  rocks  as  found  in  North  Wales. 
Cand  (in  mining).    Fluor  spar. 
Cannel  coal,    a  compact  clean  coal,  burning  freely  like  a  candle,  and  very 

valuable  in  the  manuiacture  of  gas.    In  Scotland  it  is  called  parrott.    It 

greatly  resembles  jet. 
Cafel  (in  mining).    Crystalline  mineral  (quartz,  hornblende,  &c.)  occurring  in 

a  peculiar  form,  as  the  wall  of  a  lode* 
Capillary.    Hair-like* 
Captain  (in  mining).    The  superintendent,  or  one  of  the  superintendents,  of 

amine. 
Cabapacb.    The  upper  shell  of  reptiles. 

Cabbonifeboxts.     Containing  carbon.    The  "  Carboniferous  system"  in  Geo- 
logy is  that  which  contains  the  coal-measures  and  the  carboniferous  or 

mountain  limestone  with  the  intervening  millstone  grit. 
Cabnivobotjs.    Flesh-eating.    The  "Camivora"  inZoology  consist  of  a  group 

of  animals  eminently  carnivorous. 
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GAflnra  (in  mming).    A  partdtdon  of  planks  separating  a  shaft  into  two  parts. 

Catabaot.    a  waterfialL 

Caudal.    Connected  with  the  tail. 

CAimrEB  LODB  (in  mining)  (Contra  or  Contra  lode),  A  lode  whose  bearing 
makes  an  angle  of  4&°j  or  thereabouts,  with  the  preTaHLag  bearing  of  profit- 
able lodes  in  a  mineral  district. 

CBMEirr.    The  matter  by  which  two  sohds  are  made  to  adhere. 

CsFHAiiOFODA  (in  Zoologj).  A  group  of  animals  of  which  the  Nautilus  and 
Cuttle-fish  are  examples,  haying  the  locomotire  apparatus  immediately  over 
the  head  and  stomach. 

Cbtaceaits.    Auimftls  of  the  whale  tribe. 

Chalybeate.    Water  holding  iron  ia  solution. 

Chambbbeb.  The  term  applied  to  those  shells  that  are  regularly  divided  by 
natural  equidistant  partitions.  Many-chambered  or  nuUtUoculcMr  is  a  name 
given  to  the  group  of  shells  inhabited  by  the  cephalopoda. 

CHAsaB  (in  Metallurgy).  Any  quantity  of  ore  put  at  one  time  into  a  famace 
to  smelt. 

Chats  (in  mining).    Small  heaps  of  ore. 

Chebt  (in  Geology).    A  siliceous  mineral,  resembling  common  fiint,  but  of 

'   coarser  texture. 

Choke-damp  (in  mining).  The  name  given  to  the  carbonic  acid  gas  found  in 
wells  and  mines. 

CnjATED.    Fringed  with  very  short  hair-Uke  appendages. 

Clay.    An  impure,  unctuous  and  tenacious  earth. 

Cleaya&b  (in  Mineralogy).  An  arrangement  of  the  particles  of  simple  mine- 
rals in  accordance  with  certain  laws  of  structure,  from  which  it  results  that 
a  crystal  can  be  split  with  equal  ease  parallel  to  sunilar  faces,  and  will  not 
cleave  regularly  in  any  other  direction. 

CiBAYAas  (in  Qeology).  An  arrangement  of  the  particles  of  rooks  under  cer- 
tain circumstances,  trom.  which  it  results  that  the  rock  can  be  very  readily 
spht  in  one  direction  almost  indefinitely,  and  not  in  any  other  direction  ex- 
cept in  thick  masses  or  joints. 

CLnroMETEB  (in  Qeology).  An  instrument  for  measuring  the  dip  and  deter- 
mining the  strike  of  beds  or  strata. 

Cluitoh  (in  Geology).    The  hard  beds  of  the  lower  chalk. 

CoAL-HEASTTBES  (in  Geology).  The  whole  group  of  deposits,  consisting  chiefly 
of  sands  and  shales,  with  which  coal  is  usually  found. 

Cob  (in  mining).  To  break  ores  with  a  hammer,  so  as  to  separate  the  worthless 
parts. 

Cobble.    A  pebble. 

Cockle  (in  mining).    A  miner's  name  for  schorL 

CoEFiK  (in  mining).    Old  mining  works  open  to  the  day. 

Cohesion  (in  Physics).  A  force  of  attraction  acting  only  at  very  small  distances, 
and  when  substances  are  apparently  in  actual  contact. 

COLUMNAB.    Arranged  in  columns. 
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Ck>HBiKATiov,  OHxmCAX.  A  mixture  of  two  or  more  Bubstanoes  producing  a 
third  substance  diMwiniUy  from  either  in  its  properties,  and  having  a  perma-. 
nent  existence. 

CoNOHOiDAX.  Resembling  a  shell.  Used  in  Mineralogy  to  designate  a  parti- 
cular kind  of  fracture. 

CoirCHOLOGT.    The  study  of  shells. 

CoFTLUSNOB  (in  Geography).  The  point  of  junction  where  two  streams 
meet. 

CoKFOBiEABLB  (in  Geology).  When  the  planes  of  bedding  of  two  sucoessiye 
beds  or  strata  are  parallel  to  each  other  they  are  said  to  be  cftttformabU ; 
when  not  parallel,  they  are  wneoi^ormahle, 

CoKaENEBB  (in  Natural  History).    Species  belonging  to  the  same  genus. 

CoK&LOMEBATE  or  PTTDDiirGflTOKB  (in  Gcology).  A  rock  made  \xp  of  rounded 
water^wom  fragments  of  rook  or  pebbles  cemented  together  by  another  mine- 
ral substance. 

CONTBICPOBANEOUS.    Formed  at  the  same  time. 

CoNTBA  LODE  (in  mining).    See  Cauntxb. 

GooiCBB.    A  hollow  unwatered  ralley  on  the  decHrity  of  a  hill. 

CoFBOijTE  ^  PaliBontology).    The  fossil  remains  of  excrement. 

CoBF  (in  mining).  A  square  wooden  frame  used  to  IockI  coals  on,  or  carry  ore 
to  the  pit  bottom. 

COBNTJ  AKMONIS.      ScC  AmMOKITB. 

CosK lOAL.    Relating  to  the  unirerse. 

CosHOOONY.  A  term  formerly  applied  to  speculations  concerning  the  earth's 
age  and  history. 

Cost  book.  A  method  adopted  for  carrying  on  mining  business  by  aasociationa 
of  limited  liability  under  the  Stannary  laws  of  the  Duchy  of  Cornwall.  In 
mines  managed  by  this  system,  the  adventurers'  names  are  entered  in  the  cost 
book,  and  they  are  then  liable.  Every  two  months  a  meeting  is  held,  and  any 
adventurer  may,  after  paying  his  proportion  of  debts  due,  sign  his  name  off 
the  cost  book,  and  then  ceases  to  be  liable  for  future  costs. 

CoBTEAiriKa  (in  mining).    Sinking  discovery  pits  in  search  of  a  lode. 

CoinrTBB-ciniBBNT  (in  Physical  Geography).  A  current  running  in  an  oppo' 
site  direction  to  some  other. 

CouNTBY  (in  mining).    The  strata  traversed  by  a  metalliferous  vein  or  lode. 

CouBSE  OF  OBX  (in  mining).  A  portion  of  a  lode  containing  regular  deposits 
or  accumulations  of  ore. 

Cba.^  (ia  Geology).  The  name  given  to  certain  Tertiary  deposits  in  Norfolk 
and  Suffolk. 

Cba^  Ain>  Tail  (in  G^eology).  The  condition  of  a  hill,  as  of  gravel,  when  one 
side  is  steep  and  the  other  a  gradual  slope. 

CBAirruH.    The  skull. 

Cbatbb.  The  cux>-shaped  cavity  usually  distinguishable  at  the  summit  of  a 
volcano. 

Creep  (in  coal-mining).     The  depression  that  takes  place  at  the  surfiekje  when 
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ooal  or  other  mineral  has  been  removed  over  a  large  area^  and  the  support  of 

the  oyerljiog  strataris  thus  taken  away. 
Cbetaoboub  (in  Geology).    Belonging  to  the  chalk.    The  "  Cretaceous  series" 

of  rocks  is  that  which  includes  the  chalk. 
Cbop  (in  mining).    The  best  ore  obtained  from  the  lode. 
CsOFPiifa  OTTT  (in  G«ology). .  The  out-erop,  or  cropping  out  of  an  inclined 

stratum,  is  its  first  appearance  at  the  sur&ce. 
Cboss-ooubbb  (in  mining).    A  vein  or  lode  intersecting  at  right  angles  the 

general  direction  of  productire  metaUiferous  lodes  in  a  mining  district. 
Cboss-ottt  (in  mining).    A  level  driven  at  right  angles  to  the  known  direction 

of  a  lode  or  lodes  with  a  view  to  intersect  the  lode. 
CBTTSHura  (in  mining).     Ghrinding  ores  without  water.    The  usual  crushers 

consist  of  a  pair  of  hardened  iron  cylinders  moving  in  opposite  directions 

within  a  short  distance,  the  ore  being  thrown  in  above  and  coming  out  below 

the  cylinders.    In  coal  mining  cnuMnff'in  is  a  term  often  used  when  the  roof 

of  the  mine  falls  for  want  of  sufficient  support. 
CsuST  OF  TKB  SASTH  (in  G^logy).    The  external  film  of  tjie  earth  exposed  to 

view  or  in  any  way  available  for  examination. 
Crystal  (in  Mineralogy).    The  regular  form  in  which  a  mineral  is  presented 

when  that  form  can  be  described  mathematically.    A  mineral  is  said  to  be 

ctystalUne  when  its  atoms  are  arranged  with  reference  to  some  definite  form. 
Culm  (in  Gheology).    An  impure  kind  of  coal. 
CuHBBiAN  (in  Oeology).   Occurring  in  Cumberland.  The  **  Cumbrian  system" 

of  Professor  Sedgwick  is  a  part  of  the  Silurian  series  of  the  Lake  district  of 

Cumberland  and  Westmorehmd. 
CiTT  (in  mining).    To  intersect  by  driving,  sinking,  or  rising. 

DAMP  (in  mining).  An  injurious  gas  issuing  from  the  strata  in  a  mine,  or 
produced  by  the  want  of  circulation  of  the  air.  See  Choke-damp  and  Fire- 
damp, 

Dbad  GBOinn)  (in  mining).    A  portion  of  the  lode  in  which  there  is  no  ore. 

Dbadb  (in  mining).  Any  thing  broken  imderground  that  does  not  contain  ore 
worth  removing  for  dressing. 

Debaolb  (in  G«ology).  A  sudden  rush  of  waters  breaking  down  obstacles  and 
removing  detritus. 

DxBBis  (in  G«ology).  The  fragments  of  rocks  removed  by  the  action  of  wea- 
thering or  by  water. 

Dkflbction.    Deviation  from  a  straight  course. 

DBQBADATioir  (in  Geology).  The  wearing  away  of  rocksi  generally  effected  by 
aqueous  action. 

DsLiQinsscxirr.  Becoming  fluid  by  the  attraction  of  water  from  the  atmo- 
sphere. 

Dblta  (in  Physical  Geography).  The  alluvial  land  formed  by  a  river  at  its 
mouth,  usually  expanded  in  a  fen-shape,  like  the  fourth  letter  of  the  Gbeek 
alphabet  (A),  the  name  of  which  is  Delta, 
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DsinrDATiOK  (in  Geology) .    The  act  of  laying  bare  some  rookB  formerly  oorered 

up,  the  removal  of  the  overlying  massee  being  effected  by  water. 
Dbpobit.     BCatter  laid  or  thrown  down. 
DssiccATiOK.    The  act  of  drying  up. 

DsTBiTxrs.    Matter  worn  away  by  mechanical  action  from  other  rocks. 
DiALLnra  (in  mining).    Undergromid  surveying. 
DiKB.    See  Dysb. 
DiLUTimc  (in  Qeology).     AocumulationB  of  gravel  and  fingments  of  rocks 

removed  from  a  distance,  either  the  result  of  a  violent  rush  of  water,  or  left 

by  icebergs  that  have  drifted  to  and  melted  on  the  spot. 
Ddcobphisu  (in  Mineralogy).    The  condition  of  a  mineral  capable  of  assuming 

either  of  two  distinct  crystalline  forms. 
Dip  (in  G^logy).    The  angle  of  inclination  which  the  plane  of  a  bed  makes 

with  the  plane  of  the  horizon. 
Dip  of  kbedus.    The  depression  from  horicontality  of  a  magnetic  needle  not 

in  the  magnetic  equator. 
DiPPA  (m  mining).    An  old  Cornish  word  for  a  winze  sunk  in  a  bunch  of  ore. 
DizzTTB,  dzue  or  hulk  (in  Cornish  mining).    To  remove  a  portion  of  rock,  or 

part  of  a  lode,  on  one  side  of  the  end,  in  order  to  render  a  blast  more  efficient. 
DiSBTTPTiOK,  or  Dislocation  (in  Geology).    A  forcible  rending  asunder. 
DoLEBiTE   (in  Geology).    A  variety  of  trap  rock  consisting  of  augite  and 

febpar. 
DoLOuiTE  (in  Mineralogy  and  G^logy).    Crystalline  carbonate  of  lime  and 

magneBia. 
DowsiNO  BOD,  OT Divining  rod  (in  mining).    A  hazel  rod,  by  the  aid  of  which 

some  persons  pretend  to  be  able  to  discover  water  or  minerals  by  a  process 

of  divination. 
DsBSSiKGh  (in  mining).    Preparing  rough  ore  for  the  smelter  by  mechanical 

processes. 
Dbift  (in  mining).    An  underground  gaUeiy  or  tunnel  for  mining  purposes. 
Dbiyiko  (in  mining).    Constructing  a  level  or  underground  gaUeiy  either  in  a 

lode  or  for  exploration. 
Dbusb  (in  Mineralogy).    A  cavity  in  a  mineral  containing  crystals. 
Dunes.    Low  hills  of  blown  sand. 
Dtkb  (in  Geology).    A  rock,  generally  crystalline,  occupying  a  rent  or  jQssure 

in  some  other  and  older  rock.    A  dyke  differs  from  a  mineral  vein  chiefly  in 

its  greater  magnitude  and  in  the  absence  of  ramifications.     The  word  is 

sometimes  written  Dike, 

EARTH'S  CRUST.    See  CruH  of  the  Barth. 

Eabthqtjaee  (in  Mineralogy).    An  undulation  of  the  earth's  crust. 

Epfxobescenoe.    The  term  used  to  describe  the  £sJling  to  powder  of  certain 

minerals  on  exposure  to  damp  air. 
Eltait  (in  mining).    A  Cornish  name  for  porphyritic  rocks  occurring  in  the 

form  of  dykes  frequently  intersecting  the  country  and  lodes  in  ComwEtlL 
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EiCBOnOHTTBE  (in  Physical  Geography).    The  mouth  of  a  great  river. 

End  (in  mining).    The  furthest  extremity  or  actual  working  part  of  an  adit  or 

other  level  in  a  mine. 
Eocene  (in  G^logy).    The  name  given  by  Sir  C.  Lyell  to  the  lowest  and  oldest 

division  of  the  Tertiary  series  of  rocks. 
Epoch  (in  Geology).     A  fixed  point  in  time  from  which  a  new  period  is 

measured.    The  term  is  also  used  to  designate  the  period. 
Eqtjatob  (In  Geography).      An  ideal  great  circle  on  the  globe,  everywhere 

equidistant  from  both  the  poles. 
Equiyalent,  Chemical.    A  number  representing  the  relative  weight  of  an  ele- 
mentary substance,  and  used  in  its  place,  as  being  equivalent. 
EsosiON  (in  G^logy).    The  gradual  wearing  of  an  exposed  rock  as  if  by  eating 

away. 
Ebbatio  bloces.    See  Boulders, 
Ebitption  (Volcanic).    An  outburst  of  melted  matter,  ashes,  hot  water,  or 

mud,  from  an  opening  in  the  earth  communicating  with  the  interior. 
EscABPMENT  (in  Physical  Geography).    The  steep  face  of  a  mountain  chain  or 

a  ridge  of  high  land. 
EsTUABY.    An  inlet  of  the  land  entered  by  the  sea^  but  having  a  stream  of  fresh 

water  coming  in  from  the  land. 
Exotic.    Foreign. 
ExtjyijE  (in  Geology).    A  name  sometimes  given  to  all  fossil  remains  found 

in  the  earth's  crust. 

FACE  (in  Crystallography).    The  surface  of  a  regular  solid. 

Faikes,  or  Fakes  (in  mining).    A  name  given  in  Scotland  to  any  rock,  such 

as  sandstone  or  shale,  that  sphts  with  comparative  fiacihty. 
Falun  (in  Geology).    A  French  provincial  name  for  the  strata  found  in  the 

Touraine,  corresponding  to  the  Suffolk  crag. 
Faitlt  (in  Geology).    The  iaterruption  of  continuity  of  strata,  accompanied 

by  a  displacement  of  one  or  both  sides  of  the  fissure. 
Fauna  (in  Zoology).    The  whole  group  of  animaJfl  peculiar  to  a  country  or 

natural  region  at  some  one  period. 
Feedeb  (in  mining).    A  branch  converging  to  a  lode. 
FeIiBpab.    An  important  mineral  ia  various  rocks.    See  §  869. 
FEBBTJaiNOirs.    Irony,  or  containing  iron. 
FiLAMENi;  (in  Mineralogy).    A  thread  or  fibre. 
FiLiEOBi£.     Like  a  thread. 

FiOED,  or  J^ord  (in  Geography).    A  deep  narrow  inlet. 
FiBE-CLAT  (in  Geology).    A  kind  of  clay  not  containing  much  alkaline  earth 

or  other  flux,  and  resisting  fusion  at  high  temperatures. 
FiBE-DAicp  (in  mining).    light  carburetted  hydrogen  gas  evolved  from  coal  in 

mines,  and  becoming  explosive  on  mixture  with  common  air. 
FiBE-STONE  (in  Geology).     A  stone  that  resists  fusion  at  ordinary  high  tem- 
peratures.    The  Upper  greensand  deposits,  between  the  lowest  chalk  and 
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of  the  kind. 
FnsiLB.    G^fMiUe  (tf  heiag  tplit  aBimd«r. 
Fnsrss  (in  Gteology).    A  cm^  or  opai  cnrioe  in  rocks. 
Fixed  aisl    Cbrbonie  acid  gas. 
Flat-bods  Qn  mining).     Bods  for  oommunicsting  motion  firom  the  %agmm 

horixontsDj,  and  thus  oonneding  the  engine  shaft  with  some  other  shaft. 
Fldtt.    a pecnliar  form  of  silez,  dispersed  eithflr in  r^guUr beds  oral  iiTQgttlar 

interrals  through  chalk. 
Flobtz  bockb  Qn.  Geology).    The  name  giren  bj  Wemor,  and  sometimes  em* 

plojed  bj  the  eariier  Knglish  geologists,  to  «iMirii>gni»l*  the  oomparativdy 

horisontal  beds  of  the  Seoondaiy  period.    The  tenn^  being  altogether  ini^ 

pUcaUe  in  the  sense  originallj  intended,  is  now  nyrdy  used. 
Fux>KA]r,  or  JUusam  (in  mining).     A  soft  dayej  substance  ocoasionaUj  found 

in  cross-courses  and  slides.    A  croas-oourse  or  transrene  Tein,  composed  of 

day.   A  erott-Jlookam  is  a  slide  or  fissure  filled  with  oky  which  runs  acrose  ft 

lods  and  heaTCB  it. 
Floob  (in  mining).    Abed  or  mass  of  ore.    Also  the  under  side  of  a  lode  that 

is  not  TerticaL 
Floba  (in  Botany).   The  group  of  Tegetables  of  all  kinds  belonging  to  a  natural 

district,  snd  existing  at  s  giyen  time. 
FLmoATiLB.    Belonging  to  a  rrrer. 

Flux.    A  substance  added  to  render  minerals  or  ores  more  fusiUe. 
Foot-wjlLL  (in  mining).    Also  called  underljfitiff  wall  or  floor  *    A  term  used  to 

ezprees  the  under  side  of  a  rein  or  lode,  the  upper  side  being  called  the 

hanging-walL    A  yertical  lode  can  have  neither  hanging*  nor  foot*wall,  but 

it  so  rarely  happens  that  any  lode  is  vertical  for  a  dutanoe  of  more  than  a 

few  filthoms,  that  an  underlie  can  generally  be  detected. 
FooT-WAT  (in  mining).    Ladders  and  the  shaft  by  which  entranoe  and  exit 

are  obtained  in  a  mine. 
FoBK  (in  mining).    The  bottom  of  the  sump,  or  lowest  part  of  the  mine^  into 

which  the  water  of  the  mine  drains.    A  mine  is  said  to  be  imfork  when  the 

water  is  pumped  out  firom  the  bottom  of  the  engine  shaft. 
Fobamhtifeba  (in  Zoology).    The  name  given  to  a  group  of  many-chambered 

shells,  generally  mioroBcopic,  the  chambers  communicating  by  a  small  open 

orifice  (foramen). 
FoBELAiTD  (in  Geography).    A  promontory  or  tract  of  high  land  jutting  into 

the  sea. 
FoBKATiOK  (in  Descriptive  Geology).    A  group  of  deposits,  of  whatever  kind, 

referred  to  a  common  origin,  or  belonging  to  the  same  period. 
Fossil  (in  Geology).    A  word  originally  applied  to  all  substances  dug  out  of 

the  earth,  including  therefore  all  minerals,  but  now  limited  in  its  application 

to  the  remains  of  organic  beings,  whether  vegetable  or  animal,  buried  beneath 

the  Burfiioe. 
FoesiLiFEBOirs.     Containing  fossils  or  organic  remains. 
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FEnsioinL    A  atone  eapaUo  of  being  reedOj  iforlnd  Har  puipoeee  of  eon« 

Btraotlon. 
Fbuhbt  (in  Qeogn^y).    A  periodioel  flood. 
FsDreiKa  xnF  (in  Qeography).    A  xeef  or  benk  of  eorel  of  inoonaidereUe 

depth,  and  dose  to  a  coest  bike. 
Fbith  Qh  Qeogrephy).    A  deep  «nd  eomperetrrelj  nenow  wu  of  the  ae*. 
Fvoon>.    That  whidi  veaemUee  a  Jkemt^  or  aea^weed : — fi>aail  remaine  of  ftici 

are  called  fuooidB. 
FuLOOBiTB  Qn  Qeology).    A  aand-tube  produoed  by  the  fiuion  of  looae  aand 

during  the  paaaage  of  lightning  through  it, 
Fullbb'b  xabth.    a  kind  of  day  oontaining  much  water,  and  uaed  in  the 

mann&otore  of  doth. 
FuMASOLR  (in  Phyaical  Qeography).    An  eraption  of  amoke. 
TxTRTHXBisGt  ^  mining).    ConTeying  ore  from  the  plaoe  where  it  ia  broken 

along  the  lerds  and  np  the  shaft  to  graaa. 
FuBiBXiB.    Capable  of  being  Aiaed  or  mdted. 
FuBivoBM.    Spindle-ahaped. 

GAD  (in  mining).  A  pointed  wedge  of  ft  peculiar  form,  much  uaed  in  Oora« 
wall  for  underground  purposes. 

Gallbbt  (in  mining).    A  drift  or  le?d. 

Gang,  or  &€tnffMe  (in  mining).  The  German  name  for  Tein  or  lode.  A  s^mff 
matt  is  an  extent  of  orey  ground  in  which  lodes  occur. 

Gakod)  (in  Zoology).    A  group  of  fishes  haying  enamelled  scales. 

Gabtsbopoba  (in  Zoology).  A  group  of  shell*bearing  animals  ooTered  by 
one  Talye,  and  haying  a  fleshy  foot  attached  to  the  belly. 

Gatb  (in  coal  mining).    A  road  or  way  under  ground. 

Gault  (in  Geology).  A  bluish  day  underlying  the  Upper  green-aand  in 
England. 

Gbu  (in  Mineralogy).    Any  predous  stone. 

Gbntts.    a  group  of  species  having  certain  important  characters  in  common. 

GsODB  (in  Mineralogy).  A  stone  having  a  hollow  in  the  interior  lined  with 
crystals. 

Gboonobt.  a  term  used  in  Germany  to  distinguish  the  historical  sequence  of 
events  in  the  earth's  history  in  contradistinction  to  Gboloot,  by  which  is 
meant  an  account  of  the  actual  condition  of  the  earth's  crust.  The  distinc- 
tion, however,  is  not  admitted  by  English  geologists,  and  the  word  ia  not 
often  introduced  into  our  sdentiflc  language. 

Glaoibb.  a  mass  of  frozen  snow  and  ice  formed  in  the  upper  gorges  of  a 
motmtain  above  the  limit  of  perpetual  snow,  and  proceeding  down  into  the 
lower  parts  of  a  valley  or  into  the  sea,  in  the  latter  case  ultimatdy  breaking 
ofi*and  becoming  an  iceberg, 

Glaoib.    a  moderstdy  sloping  bank  or  gentle  and  smooth  declivity. 

Glancb  (in  Mineralogy).  A  peculiar  kind  of  lustre  commonly  presented  in 
some  sulphurets,  as  Blende. 
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QrVWmB  (in  (Geology).  The  name  giyen  to  nuxtnres  of  qnartE,  felspar,  and 
mica,  in  which  there  ia  a  laminated  arrangement  of  the  different  ingredients. 

Gk)NioiaiTXB  (in  Mineralogy).  An  instrument,  of  which  there  are  several 
yarieties,  for  the  purpose  of  measuring  the  angles  between  the  plane  fif^es  of 
cvystals. 

0088 AF  (in  mining).  A  peculiar  ferruginous  condition  of  the  top  of  a  lode 
near  its  outcrop,  considered  to  be  Tery  strongly  indicatire  of  the  richness  of 
the  lode  below.  Some  gossans  are  simply  ferruginous  quartz,  but  others  are 
solid  iron  ore.  Gk>ssans  are  seldom  found  so  deep  as  30  £&thoms.  They  not 
unfrequently  have  a  strongly  deoomposed  appearance,  and  sometimes  contain 
gold. 

Gbakitb  (in  Gheology).  A  rock  consisting  generally  of  crystals  of  felspar  and 
mica  imbedded  in  a  quartzy  base. 

G-SAKITLAB.    Consisting  of  small  grains* 

OsASS  (in  mining).    The  surface  of  the  ground. 

0BATJWACKB,  or  Qreyvxicke  (in  G^logy).  The  name  giren  by  German  geo- 
logists to  some  of  the  older  fossiliferous  rocks,  generally  of  a  gr^  oolour, 
sandy  composition,  and  fissile  nature. 

Gbatbl  (in  G^logy).  An  accumulation  of  small  pebbles  more  or  less  roimded, 
occurring  with  sand  and  sometimes  clay. 

Gbit  (in  Geology).    A  coarse-grained  sandstone. 

Gbovkd,  or  Cimwtry  (in  mining).  The  strata  or  rocks  in  which  mineral  veins 
occur. 

Gbowan  (in  mining).  A  decomposed  granite.  The  word  is  old  Cdrmsh,  and 
appears  to  have  originally  meant  a  rock  of  uneven  composition,  whether  a 
conglomerate,  a  mere  gravel,  a  decomposed  porphyritic  rock,  or  solid  granite. 
The  expression  9oft  growan  is  sometimes  applied  when  the  mineral  is  sandy. 

GXTLE  OF  OBB  (in  mining).    A  very  large  deposit  of  ore. 

GmrNiES  (in  mining).  A  Cornish  name  for  levels  or  workings.  The  word 
means  simply  breadth  or  width. 

Gttbt  (in  mining).    A  gutter  or  channel  for  water. 

Gtsatoby.    Having  a  revolving  motion. 

Gtbooonites  (in  Paleeontology).  Fossil  seed-vessels  of  the  CKara^  a  genus  of 
plants  growing  in  fresh  water. 

HABITAT.    The  natural  district  to  which  a  species  of  animals  or  v^etables  is 

confined  in  its  distribution. 
Hade  (in  mining).    The  dip,  underlay,  or  inclination  of  a  mineral  vein. 
Haltaits  (in  mining).    Ores  not  sufficiently  rich  to  be  saleable,  until  they  have 

been  separated  from  a  certain  proportion  of  impurities  by  dressing  and 

washing. 
HANOEETGh-BiDE  or  -WALL  (in  mining).    The  upper  side  of  a  mineral  vein  or  lode 

inclined  from  the  vertical, 
HAXTLiira  (in  mining).    Drawing  ore  or  attle  out  of  a  mine. 
Heading-  (in  coal-mining).    A  level  driven  in  advance  of  the  work. 
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Hbats  (in  miiuiig).    The  dislocation  that  occurs  when  one  lode  is  intersected 

bj  another,  having  a  different  direction,  and  the  intersected  lode  is  altered  in 

position. 
Heki-hedbal  (m  Mineralogy).    A  modification  of  a  crystal  produced  by  a 

symmetrical  action  on  the  alternate  sides,  angles,  &c.,  of  the  ftmdamental 

form. 
Hemitbofy  (in  Mineralogy).      A  modification  of  form  produced  in  certain 

crystals  naturally,  and  haviug  the  effect  of  cutting  the  complete  crystal  in 

half,  and  causing  one  part  to  make  half  a  revolution  about  the  other. 
Hole  (in  mining).    To  open  a  communication  firom  one  part  of  a  mine  to 

another. 
Hornblende.    An  important  mineral  in  the  composition  of  some  rocks. 
HoBNiTOB  (in  Physical  6^graphy).    Small  hiUs  in  volcanic  districts  from 

which  hot  smoke  issues. 
HoBNSTONE.    A  variety  of  quartz  found  in  volcanic  districts. 
HOBSE  OB  OBOiTNi)  (in  mining).    A  portion  of  dead  or  barren  ground  in  a  lode, 

generally  lenticular  in  shape. 
HoirSE  OB  WATEB  (in  mining).    A  vugh  or  space,  whether  in  a  natural  cavity 

or  from  old  workings,  now  filled  with  water. 
HiTEL  or  Wheal  (in  Cornish  mining).    A  mine. 
HuLE  (in  mining).     Old  excavated  workings.     See  also  Dizzue, 
Htjtoh  (in  mining).    A  cistern  or  box  used  in  dressing  ores. 
Hyaline.    Transparent  like  glass. 
Hydbous.    Containing  water. 
Hydboobafhy  (in  Physicsd  Geography).    The  description  of  the  sea,  lakes, 

rivers,  and  other  aqueous  portions  of  the  earth's  smrface. 
Hydbology  (in  Physical  Geography).     The  science  of  the  distribution  and 

phenomena  of  water  on  the  earth's  surface. 
Hyg^bometeb.    An  instrument  for  measuring  the  degree  of  moisture  of  the 

atmosphere. 
HYFoaENE  BoCES  (in  Geology).    Bocks  formed  beneath  others,  or  which  are 

assumed  to  have  obtained  their  present  aspect  imdemeath  the  earth's  surface. 
Hypothesis.    A  general  view  founded  upon  known  &cts  of  limited  range. 

ICEBEBG.  A  floating  mass  of  ice,  often  of  great  magnitude  and  always  of 
considerable  depth,  first  produced  in  a  cold  sea,  and  conveyed  thence  into 
warmer  latitudes  by  marine  currents.  Ice-fields  and  Ice-fl^es  are  flat  shallow 
islands  of  nearly  pure  ice  formed  by  the  fireezing  of  ocean  water,  but  icebergs 
have  generally  been  detached  from  glaciers,  and  are  often  loaded  with  gravel, 
blocks  of  stone,  and  earth. 

ICHTHYODOBTJUTE  (in  Palssoutology).  The  fossil  spine  of  certain  species  of 
fishes  resembling  sharks. 

Ichthyology  (in  Zoology).    The  study  and  description  of  fishes. 

ICHTHYOSATTBxrs  (in  PalflBontology).  A  marine  reptile  (fish-lizard),  whose  re- 
mains are  very  abundant  in  rocks  of  the  Secondary  period. 
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l0inou8  BOOSB  (m  (Geology).    Kocks,  Buoh.  as  Utb,  trap,  and  some  othen 

which  have  been  Aued  by  Toloanio  heat.    Granite  and  other  porphyridc  rocks 

are  sometimes  called  igneous* 
IiCBBiCATn).    Covered  with  scales  overlapping  each  other  like  tiles  on  the  roof 

of  a  house. 
Impsbxbabls.    Not  admitting  the  passage  of  water. 
IiroBVSTATiOK.    An  adherent  coating.    A  crust  formed  on  the  surface  of  any 

substance. 
iKBTntATBD.    Hardened. 
JjsrFuaoRiAit  AjmcALCULEa  (in  Zoology).     See  Animalculet,    Minute  animals 

found  in  vegetable  infusions,  or  in  stagnant  water  containing  organic  matter 

in  a  state  of  decomposition. 
IiroBaAKio.    Not  produced  by  vital  action. 

Inybbtbbsata  (in  Zoology).     Animals  not  furnished  with  a  back-bone. 
Ibb  btohb  (in  Cornish  mining).    A  name  giyen  to  very  hard  rocks,  such  aa 

homblendic  rocks  and  day-stone. 
Ibidbbcbncb.    Shining  with  the  colours  of  the  rainbow. 
Isochucbkal  (in  Physical  Geography).    Having  the  same  mean  winter  tern* 

perature. 
IsocHBONOiTB.    Occurring  at  equal  times,  or  equal  intervals  of  time. 
Ibodtnauic.    Having  the  same  force. 
Ibouobphibm  (in  Mineralogy).    The  condition  of  similar  crystalline  forma 

occurring  in  diiTerent  chemical  combinations. 
IsoTHBBAL  (in  Physical  Geography).    Having  the  same  mean  summer  tern* 

perature. 
IsoTHBBMAL  (in  Physical  Geography).    Having  the  same  mean  annual  tem- 
perature. 

JIGGING  (in  mining).  A  method  of  dressing  the  smaller  ores  of  copper,  lead^ 
&c.,  by  the  aid  of  a  wire  sieve  suspended  and  shaken  in  a  vat  of  water,  so  that 
the  smallest  particles  pass  through  the  sieve,  and  the  larger  are  sorted,  the 
lighter  and  more  earthy  remaining  at  the  top,  and  the  heavier  and  more 
metallic  particles  below. 

Joints  (in  G^logy).  Natural  fissures  in  rocks,  or  lines  of  parting,  having 
definite  compass  bearings  and  generally  arranged  in  groups  or  sets. 

JuMFBB  (in  mining).    A  large  borer  worked  by  hand,  and  steeled  at  each  end. 

KAOLIN.    The  Chinese  name  of  the  fine,  pure  clay  used  in  the  manufacture 

of  porcelain. 
Kbbye,  or  Kieve  (in  mining).    A  large  vat. 
EiBBLB  (in  mining).    A  bucket,  usually  of  iron,  in  which  ore  is  drawn  to  the 

surface. 
ITTTT.Afl  (in  mining).    The  name  given  in  Cornwall  to  the  clay  slate  common  in. 

that  county  and  in  Devonshire.    Cornish  miners  sometimes  apply  the  same 

term  to  schistose  argillaceous  rocks  in  other  districts. 
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Knock  (in  mining).    A  mine  in  Cornwall  is  said  to  be  knocked  when  it  has 
been  determined  to  dificontinne  mining  operations  in  it. 

LACUSTBIKE.    Belonging  to  a  lake. 

Lagook  (in  Geography).    A  salt-water  lake,  or  part  of  a  sea  nearly  enclosed  by 
a  strip  of  land. 

Laminated.    Arranged  in  thin  plates  or  lamma. 

Landslip  (in  Geography).    A  portion  of  land  that  has  slidden  down  in  conse- 
quence of  some  disturbing  or  undermining  action. 

Lafilli  (in  Geography).     Small  volcanic  cinders. 

Latebite  (in  Geology).    A  peculiar  rock  found  in  India,  often  cut  into  the 
form  of  bricks  and  used  for  the  same  purpose.    See  p.  415. 

Lattndeb  (in  mining).  A  tube  or  gutter  of  wood  for  the  purpose  of  conduct- 
ing water. 

Lata  (in  G^graphy).  The  melted  rock  which  flows  from  volcanoes.  It  con- 
sists of  a  lai^e  proportion  of  felspar,  and  is  often  veiy  cellular. 

Leadeb  (in  mining).  A  string  or  branch  of  a  lode,  being  a  part  of  the  main 
lode,  and  conducting  into  it. 

Leabies  (in  mining).    Empty  places  in  mines,  generally  old  workings. 

Leat  (in  mining).    A  water-course  conducted  along  the  ground. 

Leavings  (in  mining).  The  ore  left  after  the  crop  or  best  part  of  a  lode  has 
been  removed. 

Ledgeb-side  (in  mining).    The  under  side  of  a  lode  inclined  from  the  vertical. 

Lenticulab.    Lens-shaped. 

Levels  (in  mining).  Galleries  or  tunnels  driven  on  the  lode  at  various 
depths  and  called  20  &thom,  30  &thom,  &c.,  according  to  their  depth  below 
the  adit  or  drainage  level*  Levels  not  driven  horizontally  are  called  loH 
levels. 

Lias  (in  G^logy).  A  provincial  name  now  generally  adopted  to  designate  the 
calcareous  day  or  clayey  limestone,  or  other  contemporaneous  deposits,  be- 
tween the  Upper  new  red  sandstone  and  the  Lower  oolites. 

Ligneous.    Woody. 

Lignite  (in  Geology).    Wood  converted  into  an  imperfect  kind  of  coaL 

LiTHOGBAPHic  STONE.    A  peculiar  compact  slaty  limestone,  of  yellowish  colour 

and  fine  grain,  obtained  from  the  oolites,  lias,  and  other  rocks,  and  used 

extensively  for  lithographic  purposes.     The  finest  stones  are  from  Solnho&n 

and  Pappenheim  in  Northern  Bavaria. 

LiTHOLOGiCAii  (in  G^logy).    A  term  used  to  express  the  stony  character  of  a 

rock  in  contradistinction  to  its  zoological  or  mineralogical  character. 
LiTTOBAL  (in  G^graphy).    Belonging  to  the  shore. 
Llanos  (in  Physical  G^graphy).     The  treeless  plains  of  the  banks  of  the 

Orinoco  in  South  America. 
LoAH.    A  mixture  of  sand  and  day. 

Lode  (in  mining).    A  regular  metalliferous  vein  of  any  kind. 
LYOOFODiAOEiE  (in  Botany).    A  group  of  plants  of  which  the  dub  mosses  are 
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the  modem  repreientatiTeB,  but  of  which  a  large  arborescent  Tegetalion  ap- 
pears to  have  existed  when  the  coal  was  deposited. 

MACIG-NO  (in  (Geology).    An  Italian  name  for  a  peculiar  siliceous  sandstone 

with  calcareous  grains. 
Macle  (in  Mineralogy).     A  twin  crystaL 
Maxleablb.    Capable  of  being  beaten  out  under  the  hammer. 
MA-MTffAT.TA  (in  Zoology).     Animals  that  suckle  their  young. 
Mammillabt  (in  Mineralogy).    Existing  in  large  rounded  protuberances  like 

Makuoth  (in  Paheontology).    An  extinct  northern  species  of  elephant,  the 

carcase  of  one  individual  of  which  was  found  buried  in  icy  cliffs  on  the  shores 

of  the  Arctic  Ocean.     The  bones  are  common  in  the  gravel  throughout 

Northern  Europe. 
MabIi.    a  mixture  of  clay  and  lime. 
Matsix  (in  Gkology).    The  earthy  or  stony  matter  in  which  a  mineral  or  fossil 

is  imbedded. 
Mechanical  bocks  (in  G^logy).    Kocks  formed  by  deposition  from  water. 
Mbtamobphic  bocks  (in  Gheology).    Bocks  that  have  undwgone  change  or 

metamorphosis  since  their  original  formation. 
Metbobitb.    See  Aerolite, 

Meteobology.    The  science  of  the  phsenomena  of  the  atmosphere. 
MiKBBAL  TBis  (in  G-eology).    A  crevice  in  the  earth  filled  with  mineral  sub- 

stances,  often  metalliferous. 
MioCEiTB  (in  6^1ogy).    The  middle  of  the  three  divisions  of  tertiary  rocks, 

according  to  Sir  C.  LyelL 
MiBAG-E.    An  effect  of  refraction  by  which  distant  objects  are  apparently 

brought  near,  or  are  seen  in  an  inverted  position,  or  of  different  form  from 

that  which  truly  belongs  to  them. 
MoLASSE  (in  Geology).    A  provincial  name  for  a  sandstone  associated  with 

marl  and  conglomerates,  found  abundantly  in  the  great  valley  of  Switzerland. 

It  belongs  to  the  Middle  tertiary  period. 
MoLECUiiES.    The  ultimate  particles  or  atoms  of  bodies. 
MoLLirsoA  (in  Zoology).     AnimRlH  such  as  oysters,  which  have  no  bones,  and 

whose  bodies  are  soft  {molUa^  soft). 
MoNOCOTTiiEDONOrs  (in  Botany).    A  great  division  of  the  vegetable  kingdom, 

including  plants  having  only  one  seed  lobe. 
MooBSTONE  (in  mining).    A  Cornish  name  for  granite. 
Monsoons  (in  Physical  G^graphy).    Periodical  winds,  occurring  chiefly  in  the 

Indian  Ocean. 
MoBAiNE  (in  Physical  Geography).    A  Swiss  term  for  the  debris  of  rocks 

brought  down  into  valleys  by  glaciers. 
MoYA  (in  Physical  G^graphy).    Mud  poured  out  from  volcanoes  during  an 

eruption. 
MuxTTLOCriAB.    Many-chambered. 
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MuNDic  (in  mining).  The  name  given  to  the  iron  pyrites  common  in  Corn* 
wall  and  elsewhere,  and  occupying  a  large  part  of  many  lodes. 

Mtjschelkals:  (in  Geology).  A  limestone  generally  having  numerous  remains 
of  fossil  shells.  This  deposit  is  not  found  in  England,  but  elsewhere  occu- 
pies a  position  between  the  upper  and  lower  members  of  the  New  red  sand- 
stone. 

NAPHTHA  (in  Mineralogy).    A  thin,  volatile,  inflammable,  and  fluid  mineral 

oil,  found  in  volcanic  districts. 
Needle  (in  mining).    A  copper  wire  used  to  male  a  touchhole  in  blasting 

rocks  with  powder. 
Neptxtnian  (in  Geology).    A  supporter  of  the  theory  of  aqueous  action  in  the 

formation  of  rocks,  in  opposition  to  the  Yulcanists. 
Nodule.    A  rounded  irr^ular-shaped  mass. 
NircLETJS.    The  solid  centre,  about  which  matter  is  often  collected  to  form 

solids. 
NtTBiHTTLiTES  (in  Palseontology).    A  group  of  foraminiferous  shells,  some  of 

them  of  large  size  and  very  abundant,  occurring  in  rocks  chiefly  of  the  oldest 

Tertiary  period.^ 

OASIS  (in  Physical  Geography).    A  fertile  spot  in  a  desert. 

Oblate.    Flattened  at  the  poles. 

Old  hen's  wobkings  (in  mining).    This  term  is  used  in  reference  to  mines 

that  have  been  formerly  worked,  and  where  underground  excavations  are 

found  on  re-opening  the  mine.    By  the  old  mem  miners  mean  any  former 

workers  of  mines  they  are  engaged  in. 
Oolite  (in  Geology).     A  limestone  composed  of  rounded  particles  like  the 

roe  of  a  fish.  The  name  Oolitic  is  applied  to  a  considerable  group  of  deposits 

in  which  this  limestone  occurs. 
Opalescent.    Exhibiting  a  play  of  colours  like  noble  opal. 
Opalized  wood.    Wood  penetrated  by  sihca,  and  acquiring  the  structure  of 

opal. 
Open-cast  (in  mining).    The  method  of  working  a  vein  when  the  ore  appears 

at  the  outcrop,  and  can  be  removed  without  regular  mining  operations. 
Opens  (in  mining).    Large  caverns  underground. 
Opebculitm  (in  Zoology).    A  kind  of  lid  closing  the  mouth  of  univalve  shells  ; 

also,  the  lid  or  flap  covering  the  gills  of  fishes. 
Ophite  (in  Gkology).    A  rock  nearly  allied  to  serpentine. 
Obe  (in  mining).    The  mineral  compounds  in  which  metals  occur,  and  from 

which  they  are  usually  obtained. 
OsaANio.    Exhibiting  organization,  or  the  results  of  vital  force.     Organic  rc' 

mains,  or  fossils,  are  the  remains  of  the  a.nimals  and  vegetables  of  a  former 

state  of  existence  found  buried  in  rocks. 
Obyctology.    a  term  now  entirely  disused,  meaning  an  account  of  all  bodies 

whether  organic  or  inorganic,  found  buried  in  the  earth. 
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OsBBOTTB.    Bony :  an  otMotit  breccia  is  a  conglomerate  made  ap  of  bones  oe> 

mented  together  bj  lime,  and  mixed  with  earthy  matter. 
Oirrosop  (in  Gkology).    The  line  at  which  an  inclined  stratum  which  is  000 

of  a  series  first  shows  itself  at  the  snrfisce. 
OuTiiSB  (in  Geology).    A  portion  of  a  stratum  detached  from  the  prinoipid 

mass. 
OxiDATiOK.    The  act  of  combination  of  a  substance  with  oxygen.    The  film 

generally  produced  on  the  surface  of  metals  and  many  earths  by  this  pirooesa 

is  called  an  oxide.    In  some  cases,  as  in  that  of  iron,  it  is  called  rutt. 

PACHYDEBMATA  (in  Zoology).  A  group  of  animals  so  called  from  the 
thickness  of  their  skin.    The  elephant  and  pig  are  well-known  examples. 

PAUEONTOLoaY.  The  science  which  treats  of  fossil  organic  remains :  it  is  the 
zoology  and  botany  of  the  ancient  conditions  of  the  earth. 

PaijBOTHBBIItm  (in  Palseontology).  A  genus  of  Pachydermata,  allied  to  the 
Tapir.     (See  Anoplothxbiitm.) 

Pampas  (in  Physical  Geography).  Treeless  plains  of  Patagonia  in  South 
America. 

Papeb  coal  (in  Geology).  A  thinly  laminated  lignite,  or  bituminous  shale, 
splitting  into  leaves. 

Pabcel  (in  mining).    A  parcel  of  ore  is  a  pile  or  heap  of  ore  dressed  for  sale.    - 

PABTiira  (in  mining).    The  name  given  to  a  thin  seam  between  two  beds. 

Pbaoh  (in  mining).  This  is  the  name  given  by  Cornish  miners  to  chlorite  and 
chloritic  rocks,  generally  of  bluish  green  colour  and  soft.  A  lode  composed 
of  this  mineral  is  called  a  peachy  lode. 

Pbat.  a  vegetable  accumulation  produced  in  moist  situations,  and  presented 
in  a  spongy  mass. 

PsaiCATiTB  (in  Gkology).  A  granite  in  which  the  three  component  minerals 
(quartz,  felspar,  and  mioa)  form  distinct  masses,  imited  and  cemented  together. 

TiBULGtiAJsr  (in  Geography).    Belonging  to  the  sea. 

PXPEBINO  (in  eulogy).  An  Italian  name  for  a  particular  kind  of  volcanio 
rock,  formed  by  the  cementing  together  of  volcanic  sand  and  ashes* 

PsBOOLATiON.    The  filtering  through  of  water. 

PsBMEABiiE.    Allowing  water  to  pass  through. 

Pbtbieaction.    The  act  of  tmming  into  stone. 

Pbtboleum.    Mineral  pitch. 

PHJBNoaAMOirs,  or  Phaitebogamic  PLANTS.  Those  in  which  the  reproductive 
organs  are  apparent. 

Physical.  Literally  natnr<d,  but  used  in  scientific  language  in  treating  of  the 
higher  and  wider  views  of  various  departments  with  reference  to  the  whole 
external  world,  and  not  to  mere  human  objects.  Thus  Physical  Chogra^htf 
includes  the  description  of  all  the  natural  phsenomena  of  the  globe. — Physical 
Geology y  that  part  of  Geology  in  which  the  history  of  all  Nature,  from  all 
time,  is  discussed.  So  also  by  Physics  we  understand  the  department  of 
science  which  treats  of  the  various  properties  of  natural  bodies,  the  laws 
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of  their  motion,  and  the  results  of  their  mutual  action  in  a  mechanical 

PhytoIiOGT.  The  departmentofNaturalHistorywhioh  relates  to  plants.  Botany. 
Ftliab  (in  mining).     A  part  of  a  lode  left  to  support  the  weight  of  the 

Buperincumhent  mass. 
FiFB  (in  mining).    A  yean,  in  a  limestone  district  consisting  of  several  expan- 
sions or  caverns,  connected  together  and  haying  a  rock  roof  and  sole. 
Pips  clay  (in  Geology).    A  plastic  day  used  in  making  pipes. 
PisivoBM  (in  Geology).    Pea-shaped. 
Pisolite  (in  Gheology).    A  stone  made  up  of  roimded  concretions  like  peas. 

The  word  pisoUHo  is  used  to  express  an  approximation  to  this  structure. 
Pit-coal  (in  mining).    The  name  often  given  to  common  coal,  from  its  being 

dug  out  of  pits. 
Pitch  (in  mining).    This  name  is  given  to  a  portion  of  a  lode  either  set  to 

tributers  or  in  any  other  way  prepared  for  extraction.    When  above  the  adit 

level,  the  expression  **  a  pitch  upon  the  backs  "  is  used ;  if  below,  it  is  **  a 

bottom  pitch." 
Plaooid  (in  Zoology).    A  group  of  fishes,  so  called  from  the  structure  of  their 

scales. 
Plastic.    Capable  of  being  moulded  into  form.    Thus,  pUuiic  clay  is  so  called 

from  its  use  in  pottery.    The  Plastic  clay  formation  is  a  lower  member  of 

the  Older  Tertiary  series,  containing  in  some  places  day  used  in  pottery. 
Plateatt  (in  Physical  G^eography).    A  plain  or  expanse  of  land  considerably 

above  the  level  of  the  ocean. 
Pleistocene  (in  C^logy).    The  newest  Geological  period  is  thus  designated 

by  some  authors. 
Plesiosaubus  (in  Palseontology).    An  extinct  genus  of  marine  reptiles  of  the 

SeeondMyperiod. 
Plicated.    Arranged  in  folds  or  contortions. 

Plioceitb,  Oldeb  and  Neweb  (in  Geology).    The  upper  members  of  the  Ter- 
tiary series,  so  called  by  Sir  C.  LyeU  from  the  preponderance  of  recent  shdls 

in  them. 
Plot  (in  mining).    A  square  piece  of  ground  by  the  side  of  the  lode  or  shaft, 

used  to  deposit  ores,  deads  or  stores,  before  they  are  brought  to  grass  or 

taken  into  the  mine. 
Plumbago  (in  Mineralogy).    The  name  commonly  given  to  graphite,  a  form 

of  carbon.    This  mineral  is  commonly  called  black  lead. 
Plutonic  bocks  (in  Geology).    Bocks  supposed  to  be  due  to  igneous  action 

at  great  depth  below  the  earth's  sur&ce,  have  been  thus  named  by  older 

geologists.    The  igneous  action  is  not  manifest  in  such  rocks,  but  presumed, 

as  in  the  case  of  granite. 
PcBCiLiTic  (in  Geology).     From  a  Greek  word  signifying  variegated — ^the 

name  given  to  the  upper  part  of  the  New  red  sandstone  series  of  England. 
PoLTPABiA  (in  Zoology).    A  group  of  animals  of  which  the  coral-animal  is  a 

well-known  example. 
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FoLTTHAlAHOirs  (in  Zoology).    Many-ohambered. 

POBPHYBT  (in  Geology).  A  name  originally  given  to  a  red  rock  with  tsmall 
ovystalB  of  felspar,  found  in  Egypt,  and  so  called  from  its  Tumally  red  ooloitr ; 
although  our  present  purple  (also  deriyed  from  the  same  word)  is  yery  dif- 
ferent. The  word  is  now  used  to  denote  any  rock  haying  crystals  embedded 
in  a  base  of  other  mineral  composition.  Thus  granite  is  a  porphyritic  rock, 
haying  crystals  of  felspar  and  mica  embedded  in  a  quarta  base. 

PoT-aBOWAH  (in  mining).    Soft  decomposed  granite. 

FozzuoLAJrA.  Yolcanic  ashes  used  in  Italian  buildings  instead  of  mortar,  and 
answering  the  purpose  of  Boman  cement*  It  is  so  called  because  shipped 
from  Puzzuoli. 

Frajbies  (in  Physical  Geography).  The  leyel  plains  of  some  of  the  great  river 
valleys  of  North  America  are  thus  denominated. 

PiKEOiFiTATE  (in  Chemistry).  The  deposit  obtained  ^dien  substances  that  have 
been  dissolved  in  a  fluid  are  thrown  down  by  further  chemical  combination, 
and  in  consequence  of  new  affinities  produced. 

Pbian,  or  Pbtait  (in  mining).  A  peculiar  condition  of  the  veinstone  in  a  lode, 
considered  as  favourable  for  ore.  This  term  is  used  vaguely,  and  mentian  is 
made  of  prian  ores  and  prian  lodes.  In  these  cases  there  is  something  of  a 
clayey  appearance,  the  ore  not  breaking  in  solid  stones,  but  in  small  lumps 
mixed  with  day.  The  derivation  of  the  word  points  to  this  clayey  character 
exclusively. 

Pbil  (in  mining).  A  solid  piece  of  pure  ore  or  native  metal  The  button  of 
an  assay. 

Pbiuaby,  or  PBiuiriVE  (in  Geology).  This  name  is  commonly  applied  to  the 
rocks  which  imderlie  those  that  are  manifestly  of  mechanical  origin  and 
contain  fossils.  The  use  of  the  term,  however,  involves  an  hypothesis  which 
is  by  no  means  to  be  admitted,  namely,  that  such  unfossiliferous  and  crystal- 
line rocks  were  earlier  formed  than  any  deposits  containing  organic  remains. 
It  is  desirable  that  no  such  expressions  should  be  employed ;  and  Sir  0.  LyeU 
has  suggested  the  word  Eypogene  as  adapted  to  replace  Primary.  Perhaps 
merely  descriptive  names,  as  Crystalline^  are  yet  more  satis&ctory.  Almost 
all  these  rocks  are  Met<imorpMc^  or  changed  from  the  condition  in  which 
they  were  originally  deposited. 

Ptebosactyl  (in  Palseontology).  A  remarkable  extinct  genus  of  reptiles 
adapted  for  flight.  The  remains  of  various  species  have  been  found  in  a  fossil 
state  throughout  the  Secondary  rocks. 

PuDDiya-STONE  (in  Geology).  The  name  often  given  to  coarse  conglomerates 
in  which  the  fragments  or  pebbles  are  rounded. 

PuMiOE.    Yolcanic  ashes. 

PiTBSEB  (in  mining).  The  officer  whose  business  it  is  to  keep  and  adjust  the 
cost  book,  and  discharge  the  accounts  of  a  mine.  The  Purser  in  Cornish 
mines  is  usually  both  treasurer  and  secretary. 

Ptbites  (in  Mineralogy).  A  name  given  to  l^e  combinations  of  certain  metals 
with  sulphur.    Iron  and  copper  pyrites  are  the  most  common ;  the  former  is 
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often  found  in  chalk,  slate,  and  other  stratified  rooks,  the  latter  only  in  mine- 
ral veins. 
Ptsombtbb.    An  instrument  for  measuring  intense  heat. 

QUA-QUA-VEBSAL  (in  Geology).  The  dip  of  beds  in  erery  direction  from 
an  elevated  central  point.  The  beds  on  the  flanks  of  a  volcanic  cone  dip  in 
this  way. 

QuABTZ  (in  G^logy).  The  common  form  of  silica ;  rock-crystal  and  flint  are 
examples. 

QuABTziTE.    A  rock  composed  of  quartz  grains,  passing  into  compact  quarts. 

QxnoiE  (in  mining).    A  smaU  cavity  or  fisBur& 

BACK  (in  mining).  An  inclined  frame  on  which  ores  and  slimes  are  washed 
and  separated. 

BiAPiATA  (in  Zoology).  A  division  of  the  animal  kingdom,  so  called  because  the 
body  is  frequently  presented  in  a  radiated  form  like  the  common  star-fish. 

Badiation  (in  Chemistry).  The  mode  in  which  heat  is  thrown  out  into  space 
from  the  sur&ce  of  any  substance. 

Bag-  (in  Geology).  A  stone  of  coarse  texture;  the  name  is  given  indifierently 
to  aqueous  and  igneous  rocks. 

Bake  vein  (in  mining).  A  gash  or  vertical  fissure  in  rocks,  cutting  indifierently 
through  all  the  strata.  Bake  veins  may  either  be  simple  or  accompanying  a 
firalt. 

Batine  (in  Geography).    A  deep,  hollow,  narrow  excavation. 

Beosnt.  The  name  given  in  G^logy  to  the  period  immediately  past  or  still 
in  progress ;  the  limit  of  existence  of  some  races  of  animals  and  vegetables 
is  generally  taken  as  that  of  the  recent  period. 

Bed  habl  (in  Geology).    A  name  for  the  New  red  sandstone. 

Beebaotion  (in  Physics).  The  bending  aside  of  light  when  it  passes  from  one 
transparent  substance  into  another  of  difierent  density.  Double  Refraction  is 
the  separation  into  two  rays  that  occurs  when  light  enters  certain  crystals, 
as  Iceland  spar. 

BsNTFOBH.    Kidney-shaped. 

Besebtes  (in  mining).  A  part  of  a  lode  laid  bare  by  the  exploring  and  re- 
gular work  of  the  mine,  and  from  which  the  ore  can  be  at  any  time  removed. 

Betict7IA.tex>.  a  structure  of  crossed  fibres,  like  a  net,  is  said  to  be  reti- 
culated. 

BsTTTBNiiro  OHABaES  (in  mining).  The  cost  of  smelting  and  other  expenses 
to  be  deducted  from  the  value  of  fine  copper  in  ores  before  the  actual  value  of 
the  ores  is  determinable.  The  term  is  also  applied  to  the  whole  expense  of 
getting,  frurthering,  and  dressiug  the  ore. 

Bib  (in  mining).  A  pillar  of  coal  left  to  support  the  roof.  A  leader  or  string 
of  ore. 

BiDEB  (in  mining).  A  stony  concretion  or  barren  part  intervening  in  the 
middle  of  a  lode. 
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Bock  (in  G^logy).  Any  mass  of  minenl  matter  of  oonridenble  or  indefinite 
extent  snd  nearly  uniform  character,  is  called  in  geological  language  a  rock, 
without  regard  to  its  hardness  or  compactness :  thus  loose  sand  and  c^ji  aa 
well  as  sandstone  and  limestone,  are  spoken  of  under  this  name. 

Bock  salt  (in  Gleology) .    Common  salt  occurring  in  a  crystalline  state  in  rooks, 

BoE-STONX  (in  Gleology).    The  name  sometimes  given  to  Oolite, 

BooF  (in  mining).  In  coal-mining  the  stratum  orerlying  the  coal  is  called  the 
roof.    In  metalliferous  lodes,  the  hanging  part  or  wall  of  the  lode. 

BoTHE-TODTX-LiEaEirDE  (in  Geology).  The  Qerman  synonym  for  the  lower 
part  of  the  Magnesian  limestone,  or  Permian  series. 

Bubble  (in  Geology).  A  term  applied  by  quanymen  to  the  fragmentary  and 
decomposed  parts  of  stone  generally  surmounting  each  bed. 

BvicnrAirTU.  (in  Zoology).  An  important  group  of  quadrupeds,  including  those 
which  chew  the  cud,  as  the  ox,  deer,  Ac, 

BuH  (in  mining).  The  expression  run  together  is  us^  when  the  walls  of  tlie 
lode  fall  in  and  the  shafts  and  levels  become  impassable. 

Bine  OF  A  LODE  (in  mining).    The  direction  or  course  of  the  lode. 

SACCUABOID.    Haying  the  texture  of  loaf  sugar. 

Salifeboitb  bybteh  (in  Geology).  The  New  red  sandstone  system,  so  called 
from  the  salt  with  which  it  is  associated  in  parts  of  England. 

Salses  (in  Physical  Geography).  Eruptions  of  mud  £rom  small  orifices,  gene* 
rally  in  volcanic  districts. 

Saubl^n  (in  Zoology).  Any  animal  of  the  lizard  tribe,  and  many  extinct; 
reptiles  only  distantly  allied  to  these. 

Savannahs  (in  Physical  Geography).  The  low  plains  of  North  America^  gene- 
rally covered  with  wood. 

Scaglia  (in  Gheology).    An  Italian  rock,  contemporaneous  with  our  chalk. 

Scale,  or  Seal  (in  mining).  A  portion  of  the  wall  of  a  lode  falling  away  in 
flakes.  In  coal-mining  the  word  ecale  is  used  to  designate  a  small  portion 
of  the  air-current  admitted  to  some  of  the  workings. 

Scarfed.    Having  a  steep  fSace. 

Schist  (in  Geology).  A  name  often  used  as  synonymous  with  slate,  but  more 
commonly  and  very  conveniently  limited  to  those  rocks  which  do  not  admit 
of  indefinite  splitting,  like  slate,  but  are  only  capable  of  a  less  perfect  separa- 
tion into  layers  or  lamina.  Of  this  kind  are  gneiss,  mica-schist,  &c.,  often 
more  or  less  crystalline.     See  Slate  and  Shale, 

ScoBiJS  (in  Geology).  The  name  given  to  volcanic  ashes.  The  word  means 
any  kind  of  cinders,  but  its  scientific  use  is  thus  limited. 

ScoTAN  lose  (in  mining).  Formerly  a  rich  tin  lode.  The  term  is  now  used 
in  Cornwall  for  any  rich  lode  without  gossan. 

Seams  (in  Geology).  A  name  sometimes  given  to  any  thin  beds,  but  more 
usually  applied  to  thin  layers  separating  two  strata  of  greater  magnitude. 

Seconsaby  stbata  (in  Geology).  An  extensive  and  important  series  of  strati- 
fied rocks,  having  certain  characters  in  common  distinguishing  them  from  the 
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OTerl^g  rooks  called  **  Tertiary,"  and  the  underlying  group  known  as  the 

«  PateoBoic." 
SectHiE  (in  Mineralogy).    The  condition  of  a  mineral  when,  on  being  cut  with 

a  knife,  the  particles  do  not  fly  about,  but  remain  quietly  on  the  knife ; 

e,g,  mica. 
Sblbkitb  (in  Mineralogy).    A  name  given  to  crystalline  sulphate  of  lime. 
Septabia  (in  Geology).     Flattened   nodules  found  in  day,  and  consisting 

chiefly  of  argiUaoeous  limestone,  traversed  by  numerous  cracks  proceeding 

from  the  centre,  which  are  often  filled  with  calc  spar. 
Septum  (in  Geology).    A  partition ;  the  plates  separating  the  chambers  in  the 

Nautilus  and  other  allied  genera  of  shells  are  called  se^ia, 
SEBFEimKE  (in  Gheology).    A  magnesian  rock  generally  more  or  less  crystalline, 

and  often  of  gre^i  and  variegated  colour ;  it  is  abundant  in  the  Alps,  and  is 

found  also  in  Cornwall  and  elsewhere. 
Set,  or  Qett  (in  mining).     The  portion  of  a  mining  district  taken  on  lease  for 

mining  purposes. 
Shale  (in  Otology).    An  indurated  clay,^less  fissile  than  schist,  but  splitting 

with  tolerable  fiicility  in  plates  parallel  to  each  other,  and  to  the  original 

planes  of  bedding.    See  SeJUH  and  SUUe. 
Shammel  (in  mining).    A  name  given  to  the  method  of  lifting  ore  or  water  to 

an  intermediate  platform  before  bringing  it  to  grass. 
SHAKKLnr  BAND  (in  Geology).    A  name  given  to  the  Lower  green-sand  from 

its  being  found  at  Shanklin,  in  the  Isle  of  Wight. 
Shears  (in  mining).    A  construction  in  timber  at  the  shaft  of  a  mine  for  lifting 

the  pulley  over  which  the  tackle  passes  from  the  capstan  to  a  sufficient 

height  to  lift  or  lower  the  various  materials,  often  of  great  length,  that  have 

to  be  sent  down  into,  or  removed  from,  the  mine. 
Shelp  (in  mining).    The  loose  stones  over  the  firm  rock,  whether  granite, 

killas,  or  other  mineral,  which  forms  the  ooimtry  in  a  mining  district. 
SheIiL  mabl  (in  Geology).    A  deposit  of  clay,  peat,  and  silt,  mixed  with  shells, 

which  collects  at  the  bottom  of  fresh-water  lakes. 
SHiNauss  (in  Geology).    The  loose  roimded  water- worn  fragments  of  stone  or 

gravel  foimd  on  the  sea-shore,  or  where  the  sea  has  once  been. 
Shodiko  (in  mining).    Tracing  rolled  stones  of  ore  from  a  river-course  to  the 

lode  whence  they  were  broken.    A  shode  pit  is  a  trench  cut  to  discover 

stones  of  ore  in  shoding. 
Shoot  (in  mining).    A  vein  parallel  to  the  stratification. 
Snsx,  Silica  (in  Mineralogy).    The  name  given  by  Mineralogists  to  a  pure 

earth,  more  commonly  spoken  of  aafliniy  and,  when  crystallized,  called  rock- 

crygtal.     Siliceous  means  flinty,  and  silicified  a  substance  mineralized  by 

siliceous  earth.     Siliceous  sinter  is  a  siliceous  deposit  from  springs. 
Silt  (in  Gkology).    The  name  usually  given  to  the  muddy  deposit  found  at  the 

bottom  of  running  streams.    Bivers  and  creeks  are  often  said  to  be  siUed  up 

when  this  deposit  accumulates  at  their  mouths. 
SiLTTBiAN  (in  Geology).    The  name  given  by  Sir  E.  Murohison  to  an  important 
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series  of  fo0tili£9rou0  rooks,  well  developed  in,  and  first  described  horn,  a  di- 
stinct in  Wales  and  Shropshire  formerly  inhabited  bj  the  SUuri^  a  tribe  of 

Ancient  Britons. 
SiLTAfi  (in  Phjsioal  Geography).    The  wooded  plains  of  the  Amaions  river  in 

South  America. 
SiMFLB  KINEBALB  (in  Mineralogy).    Minerals  that  admit  of  definite  description         f 

as  consisting  of  definite  chemical  compoimds  occurring  in  nature. 
Simple  bocks  (in  Geology).    Bocks  containing  some  yeiy  predominant  mineral 

and  developed  to  a  great  extent  in  nature.    Thus  limestone,  sandstone,  day^ 

granite,  &c.,  are  simple  rocks.  | 

SiKTEB  (in  Geology).    A  rock  precipitated  from  mineral  water.    Calcareous 

and  siliceous  sinters  are  those  only  that  are  generally  described. 
SiPHTTNCLE  (in  Zoology).    A  small  tube  passing  through  an  orifice  in  the 

septum  of  a  chambered  shelL 
SKiMPniraB  (in  mining).    Skimmings  of  light  ores  in  the  process  of  dresBing. 
Slate  (in  Geology).    The  most  perfectly  fissile  form  in  which  day  exists  in 

nature.    See  Sohiti  and  Shale^  where  the  less  perfectly  cleaving  rocks  of  this 

kind  are  described. 
Sltckensibss  (in  mining).    The  smooth  striated  surfieice  of  a  fitult;  also  one 

of  the  ores  of  lead  found  in  Derbyshire. 
Slide  (in  mining).    A  vein  of  day  intersecting  a  lode,  and  producing  a  vertical 

dislocation. 
Slimes  (in  mining).    Mud  containing  metallic  ores. 
SLOCEiEra  STONE  (in  mining).    A  rich  stone  of  ore  from  a  mine  produced  in 

order  to  induce  adventurers  to  proceed  in  a  mining  scheme. 
Soil  (in  Gkology).    The  name  given  to  the  disintegrated  and  decomposed  rock 

at  the  surface  of  the  earth  when  this  has  become  mixed  with  carbon  and 

other  substances  so  as  to  enable  plants  to  grow  and  obtain  their  required 

mineral  constituents. 
Sole  (in  mining).  The  bottom  of  the  mine  in  a  lode.  The  floor  of  a  hoiisontal 

expansion  or  cavern  containing  ore. 
SoLFATABA  (in  Physical  Geography).    A  volcanic  vent  fr>om  which  sulphur,  and 

sulphurous,  watery,  and  acid  vapours  and  gases  are  emitted. 
Solid  angJjE.    The  inclination  of  three  or  more  planes  meeting  in  a  point. 
SoLLAB  (in  mining).    The  platform  between  two  lifts  of  ladders  in  a  shaft. 
Sfallino  (in  mining).    Breaking  up  ore  into  small  pieces  before  cobbing.  The 

object  of  spalling  is  to  £Eicilitate  the  separation  of  ore  fr^m  rock. 
Sfab  (in  mining).    A  name  given  to  many  crystalline  minerals  which  usually 

afford  dean  and  ready  fractmre.     Quartz,  crystalline  limestone,  fiuor,  salts  of 

baryta,  and  others,  are  called  spar  indifferently  when  crystallized. 
Species  (i^  Natural  History).    This  term,  the  true  application  of  whidi  is 

most  important  in  Natural  History,  is  understood  to  mean  in  the  higher 

forms  of  animal  existence  a  group  of  all  the  individuals  which,  under  ordinary 

conditions,  and  in  a  natural  state,  breed  together  and  produce  like  individuals. 
When  offspring  is  obtained  from  a  male  and  female  of  distinct  spedes  (which 
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ifl  not  usual),  t^  is  either  absolutely  barren,  or  at  least  becomes  barren  in 
one  or  two  generations,  so  that  no  new  form  or  spedes  is  perpetuated. 
The  differences  of  specific  character  are  apparently  preserved  in  almost  all 
details  of  structure  in  these  cases,  but  the  term  species  must  often  be  applied 
doubtfully  and  hypothetically  in  animals  of  lower  organization,  in  plants,  and 
above  all,  in  minerals. 

Spend  (in  mining).  To  break  ground.  To  work  ground  away  in  proving  a 
mine. 

Sfhbboid.    Having  a  shape  nearly  resembling  that  of  a  sphere  or  globe. 

Squaloid  (in  Zoology).    Besembling  a  shark. 

Squat  of  obe  (in  mining).    A  bunch  or  large  deposit  of  ore  in  a  lode. 

Stalactite  and  SxALAaMiTB  (in  Geology).  Concretions  of  carbonate  of  Ume, 
and  sometimes  of  other  minerals,  as  quarts,  or  even  malachite,  deposited  by 
water  dropping  from  the  roof  of  a  cavern,  or  other  vacant  space.  When  the 
mineral  is  deposited  in  columns  pendent  from  the  roof  of  the  cavity,  the  name 
Stalactite  is  given.  When  the  columns  or  heaps  rise  from  the  floor  after  the 
water  has  dropped,  they  are  said  to  be  Stalagmites. 

Stamp  head  (in  mining).  An  iron  weight  or  head  attached  to  the  end  of  the 
wooden  rod  worked  in  the  stamping  machine. 

Staicps  (in  mining).    Machinery  for  crushing  ores  fine  with  water. 

Staitbaed  (in  mining).    The  price  of  fine  copper. 

Stankifebous.    Containing  tin. 

Stem  (in  mining).    A  day*s  work  in  the  mine. 

Steppe  (in  Physical  Gheography).    A  low  plain. 

Stoce-wosk  (in  mining).  A  vein  of  very  great  magnitude,  requiring  to  be 
worked  with  special  reference  to  this  unusual  condition. 

Stops  (in  mining).  Literally  a  step.  Bemoving  ore  when  laid  hexe  by  rises 
or  sinks  and  levels,  so  that  the  work  is  carried  on  by  steps,  on  a  horizontal 
plane.  This  is  the  most  economical  and  best  method  of  removing  ore.  Hew- 
ing away  the  ore  from  below  upwards  is  called  **  Stoping  in  the  backs." 

Stsases  (in  mining).  Frames  made  of  boards  or  troughs  of  wood  without 
ends,  in  which  the  processes  of  washing  and  dressing  small  ore  are  carried  on 
with  the  aid  of  a  stream  of  water. 

Stbatifioation  (in  Geology).  The  condition  of  rocks  or  accumulated  minerals 
deposited  in  layers,  beds,  or  strata,  A  single  bed  is  caUed  a  stratum,  A 
large  proportion  of  the  masses  constitutmg  the  earth's  crust  are  thus  arranged 
or  stratified^  and  the  planes  of  stratification  are  generally  parallel  to  each 
other,  though  o&en.  much  removed  from  their  original  condition  of  horizon- 
tality. 

Stbeam-wobk  (in  nuning).  A  place  where  metalliferous  ores  are  obtained 
from  a  stratified  deposit,  and  worked  by  the  mechanical  use  of  water  in 
separating  the  ore  from  the  sand  or  gravel  with  which  it  is  found. 

Stbiee  (in  Geology).  The  line  of  bearing  of  strata.  The  direction  of  any 
horizontal  line  on  a  stratum. 

STBD^a  (in  mining).    A  small  branch  of  a  lode. 
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Stbitotubi.    a  term  often  used  teohnicBlly  in  Geology  and  Hineralogy  to 

denote  the  ni«whATiiml  condition  in  which  the  component  parti  are  arranged. 
Stuva  (in  Fhytical  Qeognphj),    A  jet  of  steam  issuing  from  fissnreB  in  voh 

oanic  regions  at  a  temperature  often  much  aboye  the  boiling  point  of  waiter. 
Stull  (in  mining).    An  arch  of  boards  over  the  men's  heads  in  a  mine  to  tw,Te 

them  from  &Uing  stones. 
Stubt  (in  mining).    The  adrantage  gained  hy  a  tribater  when  he  is  eioeedingij 

fortunate  in  his  taking,  and  makes  a  large  profit.  'l 

SuB-AFKinmrB  bbds  (in  Geologj).    The  name  of  a  deposit  found  in  a  low  chain 

of  hills  at  the  foot  of  the  Apennines  in  Italy.  i 

SiTBLiMATiov  (in  Chemistry).    The  deposit  of  a  solid  from  a  state  of  Ti^Kntr.  'j 

SuBSiDBKCB  (in  Qeology).    The  act  of  sinking,  oft»n  traceable  over  extensive 

areas  and  connected  with  great  geological  changes.  i, 

Subsoil  (in  Qeology).    The  decomposed  rock  often  underlying  vegetable  soils, 

and  not  exposed  at  the  sui&ce  except  by  denudation  or  deep  ploughing. 
SULOATBD.    Furrowed* 
SvHP  (in  mining).    A  pit  at  the  bottom  of  the  engine-shaft  to  collect  the  water 

of  the  mine. 
SiTFBBPQSiTiON  (in  Qcology).    An  expression  very  commonfy  employed  by 

geologists  to  describe  the  order  of  arrangement  when  one  bed  or  stratum 

reposes  upon  another.    See  Cowfortnable  and  Unconformable  avperpotition. 
SiTPBA-OBETAOBOUS  (in  Qeology).    A  term  applied  by  Sir  fi.  De  la  Beehe  to 

the  rocks  overlying  the  chalk.    The  term  Tertiary  is  now  universally  adopted 

for  this  group. 
SuBltTBBBAin)  (in  Geology).    A  name  sometimes  given  to  varieties  of  lignite. 
Sybnitb  (ia  Qeology).    The  granite  of  the  quarries  of  Syene  in  Egypt.    It  is 

usual  to  call  by  this  name  any  combination  of  quartz,  felspar,  and  horn- 
blende ;  but  the  quartz  is  sometimes  absent  and  sometimes  accompanied  by 

mica. 
SYiroHBONOUS.    Occurring  at  the  same  time.    Contemporaneous. 
Bjvcusal  axis  (in  Qeology).    The  line  of  depression  between  two  anticlinal 

axes. 

TABLE-LAND  (in  Physical  Geography).    Land  elevated  much  above  the  level 

of  the  sea  and  genenJly  offering  no  considerable  irregularities  of  surfitce. 
Tacicle  (in  mining).    Hie  windlass,  ropes  and  kibble  by  means  of  which  ores, 

&c.  are  lifted,  and  stores  sent  down  a  mine. 
Tails  (in  mining).    The  refuse  of  stamped  ore  thrown  behind  the  end  of  the 

huddle. 
Talus  (in  Qeology).    The  accumulation  at  the  foot  of  a  steep  rock,  produced 

by  fragments  broken  off,  fallen  down,  and  formed  into  a  sloping  heap. 
Tahfikg  (in  mining).    A  material,  either  sand  or  fragments  of  stone,  placed 

on  the  gunpowder  in  a  blast,  in  order  to  prevent  the  explosion  from  being 

wasted  by  passing  up  through  the  bore-hole«    The  tamping-iron  or  bar  is 

the  tool  used  for  beating  down  the  tamping. 
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TEBMilf  OXOOT.  The  technical  dassification  of  a  soienoe,  and  the  terms  used  in 
it  in  a  technical  or  special  sense. 

Tebtiast  strata  (in  Gteology).  The  series  of  sedimentary  rocks  overlying  the 
chalk,  or  other  representative  of  the  Secondary  period,  and  extending  thence 
to  the  rocks  of  the  Beoent  period. 

Testaoba  (in  Zoology).    Molluscous  or  soft  animals  having  a  shelly  covering. 

Thbbkax  (in  Physical  Geography).  ThemuU  Springs  are  springs  whose  tem- 
perature is  ahove  the  mean  annual  temperature  of  the  place  where  they 
hreak  out. 

Thebhoicbtxb.  An  instrument  for  measuring  differences  of  temperature  by 
Qomparing  them  with  the  expansion  and  contraction  of  a  fluid  having  a 
graduated  scale  attached  to  it. 

TimsrmxQ  out  of  strata  (in  Geology).  When  a  stratum  gradually  diminishes 
in  thickness  as  it  is  traced  in  any  particular  direction,  and  ultimately  disap- 
pears, it  is  said  to  thin  out. 

Thsowit  (in  mining).  This  expression  is  used  when,  by  the  action  of  a  feult, 
a  part  of  a  lode  is  removed  above  or  below  the  remaining  part. 

Thxtbl  (in  coal-mining).    A  long  adit. 

Tickbtikos  (in  mining).  The  sales  of  copper  ore  as  conducted  in  Cornwall  by 
written  Inds  or  tieketB  from  the  various  buyers  after  the  ores  are  sampled  and 
arranged. 

Tin-stitff  (in  mining).    Tin-ore ;  oxide  of  tm. 

ToAD-STONE  (in  mining).  The  name  given  by  miners  to  beds  of  basalt, 
occurring  in  Derbyshire.  It  is  probably  derived  from  the  German  Todi- 
Hern^  or  dead-stone,  as  being  without  the  ores  found  in  the  neighbouring 
limestone. 

TOBSTADO  (in  Physical  Geography).    A  violent  storm  or  hurricane. 

TsADB-wnnM  (in  Physical  Geography).  Winds  (north-east  in  the  northern, 
and  south-east  in  the  southern  hemisphere)  blowing  constantly  in  particular 
latitudes  and  useful  in  navigation. 

Tbamboad.    a  railroad. 

Transition  (in  Geology) .  The  name  formerly  given  to  certain  rocks,  now  called 
PdUBOzoic^  imder  the  impression  that  they  afford  a  passage  from  the  crystal- 
line state  of  gneiss,  mica  schist,  clay-slate,  &c.,  to  what  was  considered  the 
more  mechanical  condition  of  Newer  or  Secondary  rocks.  Since,  however,  it 
appears  that  such  transition  belongs  to  no  particular  geological  period,  but 
occurs  in  all,  the  term  has  ceased  to  be  applicable  and  has  fedlen  into  disuse. 

TsAF  (in  Geology).  Crystalline  rocks,  composed  chiefly  of  felspar,  augite,  and 
hornblende,  combined  in  many  ways,  and  exhibiting  great  varieties  of  aspect, 
are  frequently  called  by  this  name.  The  word  is  derived  from  the  Swedish 
trappa,  a  stair  or  step,  because  such  rocks  are  often  found  in  large  tabular 
masses,  rising  one  above  another  in  steps.  Trap,  or  Trappean  rock,  is  sup- 
posed to  have  been  lava  formerly  gected  from  fissures  or  craters,  and  poiured 
out  imder  water.    BtuaU  is  a  common  synonym  for  trap  rock. 

Tbaybbtin  (in  Geology).    A  white  concretionary  stone,  usually  hard  and  semi- 

2c5 
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crystalline,  deponted  bj  water  oontaiiimg  lime  in  eolation,  and  very  abundant 

in  some  parts  of  Italy. 
Tbias  (in  Gteology).    The  name  giren  on  the  continent  to  the  beds  of  the  New 

red  sandstone  series. 
Tbibttte  (in  mining).    The  proportion  of  ore,  either  in  money  or  kind,  that  the 

miner  (tribnter)  reoeires  in  payment  for  the  labour  of  removing  ore  from  a  lode. 

IVibute-pitches  are  the  portions  of  a  lode  set  for  a  time  to  a  pair  of  tributers. 
Tbilobitb  (in  Paleontology).    A  common  fossil  in  the  Dudley  limestone,  so 

named  from  the  oharaoteristio  species  having  the  body  divided  into  three 

lobes.    Trilobites  are  the  remains  of  a  remarluible  extinct  fiunily  of  Crusta- 
ceans, the  class  of  which  the  crab,  lobster,  &c.  are  modem  representatives. 
Tbifoli  (in  Mineralogy).     A  powdery,  siliceous  rock,  used  in  polishing  metals 

and  stones,  and  derived  from  the  siliceous  cases  of  infusorial  animalcules. 
Tboitbleb  (in  mining).    Faults  or  dislocations  of  the  strata. 
Tbottgh  (in  Gkology).    A  basin-shaped  or  oblong  depression. 
Tbuitcated  (in  Mineralogy).    Out  oS  or  shortened.    A  crystal  is  said  to  be 

truncated  when  a  solid  angle  or  edge  is  removed  symmetrically. 
Tbitne  (in  mining).    A  long  narrow  cistern  or  pit  in  which  t^e  slimes  con- 
taining ore  are  made  to  part  with  the  ore. 
TuBBura,  METAL  (in  mining).    GRie  cast-iron  framework  fitted  to  a  shaft  in 

order  to  keep  back  springs  of  water  cut  in  sinking  the  shaft. 
TtTFA,  TxjTF  (in  Physical  Qeography).    An  Italian  name  for  a  variety  of  volcanic 

rock  of  earthy  texture,  made  up  chiefly,  or  entirely,  of  fragments  of  volcanic 

ashes. 
TuBBiVATED  (in  Zoology).    Shells  which  have  a  spiral  or  screw-like  structure 

are  thus  named. 
TuBNED  HOUSE  (in  mining).    An  expression  used  when  a  level  which  has  been 

driven  across  country  is  suddenly  diverted  from  its  original  direction  to  follow 

a  lode  on  its  course. 
TuBBiLiTE  (in  Gbology).    An  extinct  genus  of  chambered  shells,  resembling  an 

Ammonite  wound  into  a  turbinated  form. 
Tut  wobe  (in  mining).    An  arrangement  by  which  the  miner  is  paid  a  fixed 

price  per  fathom  of  ground  removed.    Tut  work  is  the  miner's  name  for 

piece  work. 
TuYEBES  or  TwTEBB  (in  mining).    The  apertures  through  which  the  blast  is 

conducted  to  a  furnace  fire. 
Ttfoon,  or  Typhoon.  A  violent  periodical  hurricane  occurring  in  the  ChinaSeas. 
Tying  (in  mining).    Washing  ores.    T^es  are  the  same  as  strakes,  but  worked 

with  less  water. 
Type  (in  Natural  History).    A  representative  form. 

UNCONFORMABLE  Supebposition  (in  Geology).  The  condition  of  strata 
when  one  has  been  deposited  horizontally  upon  the  upturned  edges  of  those 
immediately  below. 

Undbbclay  (in  Geology).     The  fine  tenacious  and  tolerably  pure  day,  con- 
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tuning  frequentlj  roots  of  Stigmaria^  and  very  often  found  below  beds  of 

ooal  in  the  coal-measures. 
Ukdebclivf  (in  Geology).    The  name  appEed  to  a  cliff  when  the  upper  part 

has  fallen  down  along  a  considerable  line  of  coast,  and  forms  a  subordinate 

terrace  between  the  sea  and  the  original  shore. 
Undsblay,  or  Underlie  (in  Gheology).     Thq  dip  or  inclination  of  a  mineral 

vein. 
UimrALyB  (in  Zoology).    An  animal  provided  with  a  shell  in  one  piece. 
Unstbatipixd  (in  Gkology).    Bocks  hare  sometimes  been  divided  into  two 

principal  groups.  Stratified  and  Unstratified,  and  these  have  been  assxmied  as 

synonymous  with  Aqueous  and  Igneous.    Ghranite  and  many  of  the  rocks 

usually  regarded  as  of  igneous  origin,  are,  however,  sometimes  found  in  beds 

or  strata. 

YAN  (in  mining).  To  wash  ore  on  a  shovel,  in  order  to  determine  approxi- 
mately the  value  of  a  sample. 

Veins,  Minxsal  (in  Geology).  Crevices  in  rocks  filled  up  with  mineral  sub- 
stances often  crystalline  and  metalliferous. 

YEiKSToms  (in  Geology).  The  earthy  minerals  occupying  veins  when  these  are 
associated  with  metalliferous  ores. 

Yebtebbata  (in  Zoology).  A  large  and  most  important  division  of  the  animal 
kingdom,  including  all  those  animals  provided  with  a  back-bone.  Each 
separate  bone  of  the  back  is  called  a  vertebra. 

Yebtex.    The  stimmit  or  upper  part  of  a  solid. 

YiTBEOUB.     Glassy.    Used  in  Mineralogy  to  designate  a  peculiar  lustre. 

YoLCANO  (in  Gkology  and  Physical  Geography).  A  mountain  or  hill  of  conical 
shape,  having  at  or  near  the  summit  a  cup-shaped  depression  called  the 
"  crater."  From  this  proceed  vapours  of  sulphurous  and  acid  gases  with  jets 
ot  steam,  and  from  time  to  time  ashes  are  thrown  up  high  into  the  air ;  or 
currents  of  melted  rock  or  lava  burst  forth  and  pour  down  the  sides.  Vol- 
canic bombs  are  detached  masses  ejected  into  the  air,  and  assuming  a  pear 
shape  as  they  &11.     Volcanic  foci  are  subterranean  centres  of  igneous  action. 

YuaH,  Vuff,  or  Voffle  (in  mining).    A  natural  cavity  in  a  lode. 

YuLCANiST  (in  Geology).  A  supporter  of  the  theory  of  igneous  action  in  the 
formation  of  rocks  as  opposed  to  the  Neptunians,  who  believed  in  aqueous 
action  only.    A  term  belonging  now  only  to  the  history  of  Geology. 

WACKfi  (in  Ghology).  A  barbarous  name,  formerly  much  employed  by 
German  geologists,  and  thence  introduced  into  English  descriptions  of  the 
same  date.  It  is  regarded  as  a  soft  and  earthy  basalt,  but  has  been  used  in 
other  senses  and  rather  indefinitely.    See  OramoackS  or  Oreyioacke, 

Wabp  (in  engineering).  The  deposit  of  muddy  waters  artificially  introduced 
into  low  lands. 

Waste  (in  mining).  That  part  of  a  coal-mine  out  of  the  course  of  the  principal 
ventilation. 
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Watxb-bhxd  (in  Phjiioal  Geography).    The  line  between  two  mer  basins. 

The  water-shed  is  not  neoessarily  a  monntain-ohain,  and  in  some  rare 

instances  it  is  broken  by  a  water  oommunioation  connecting  two  great  rirer 

systems. 
Wbaldek  (in  Qeology) .    The  name  giyen  to  an  important  freshwater  formation, 

occurring  between  the  Cretaceous  and  Oolitic  rooks,  chiefly  in  the  Wealds  of 

Kent  and  Sussex. 
WxATHXBiNa  (in  Qeology).    The  wearing  away  of  rocks  consequent  on  atmo- 
spheric exposure, 
WHKT-BTOinB  (in  Mineralogy).    A  rery  hard  and  fine-grained  slate  containing 

quarts. 
Whix  (in  mining).    A  machine  worked  by  horse,  steam  or  water  power,  hnd 

used  for  raising  ore  from  a  mine. 
WHnr-STOKB  (in  Geology).    A  proyindal  term  applied  to  trap  rocks. 
WiKD-BOBB  (in  mining).    The  bottom  pipe  in  a  lift  of  pumps. 
WnvD-BOBB  (in  Physical  Geography).    An  account  of  the  mean  pressiire  of  t2ie 

air  under  different  winds. 
WnrzB  (in  mining).    A  sinking  on  a  lode  communicating  from  one  lard  to 

another. 

ZAEFBE  (in  Mineralogy).    The  impure  oxide  of  cobalt,  which,  when  melted 
with  silica  and  potash  and  reduced  to  powder,  becomes  powder-blue. 

ZiCHSTEiK  (in  Geology).    The  German  synonym  for  the  Magnesian  limestone 
of  English  geologists. 

Zbolitb  (in  Mineralogy).    A  group  of  minerals  which  sw^  and  boU  up  when 
exposed  to  the  blow-pipe  flame. 

ZooLOGT.    That  department  of  Natural  History  which  treats  of  animals. 

ZooPHYTB  (in  Zoology).    The  term  applied  to  a  certain  group  of  o^niTnaU  of 
low  organization,  which,  during  the  greater  part  of  their  liyes,  are  attached  j 

to  some  foreign  substance,  and  are  incapable  of  locomotion.  | 
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Absobbivt  power  of  yarious  rooks, 
462. 

Adds,  effect  of,  on  minerals,  155. 

AjoHnocjfchu  senariua  (tertiair),  296. 

Adelsberg,  riyer  in  cavems  oi,  453* 

Adhesion,  13. 

Adit  lerel,  534. 

Adranoe  of  riyer  deltas,  79, 

Aerolites  (meteorites),  209. 

Affinity,  13, 14. 

Africa,  South,  triassic  fossils,  866; 
oolitic  ooal-fleldB,  880  j  cretaceous 
rocks,  894. 

African  desert,  88. 

Age,  relatiye,  of  metals,  520. 

Aggregation,  state  o^  in  minerals,  147. 

Agricultural  geology,  487. 

Aur.     See  Atmosphere. 

Alabama  coal-field,  section  across,  849 . 

Alabaster,  175,  249. 

Albian  formation,  891. 

Alkalies,  use  o^  in  determining  mine* 
rals,  156 ;  in  what  way  supplied  to 
plants,  440. 

Alkaline  earths,  172 ;  salts,  170. 

Alleghany  coal-fields,  849, 

Allotropy,  148. 

Alluyia,  «>ld,  472. 

Allnyial  deposits,  422, 

Alps,  period  of  deyation  of^  429. 

Alterations  of  ocean  during  paheozoio 
period,  861 ;  secondary,  896 ;  ter- 
tiary, 480. 

Altered  rocks,  508. 

Alum,  179 ;  group  of  crystals,  128. 

shale  of  Whitby,  867  j  of  Fries- 

dorf  (Rhine),  413. 

Aluminates,  account  of^  194. 

AliiTniniiiTn  and  alumina,  minerals  con- 
taining, 178. 

Aluminous  siUcates,  180. 

Amazons,  plains  o^  89. 

Amber,  account  o^  166 ;  mode  of  ob- 
taining, 480. 


America,  earthquakes  in,  97 }  yoloanoea 
of,  110$  soenexyof,  89;  lakes  of,  58« 

^  North,  Silurian  rooks,  818 1 

Deronian,  881 ;  carboniferous, 
836;  coal-fields,  849;  oretaoeous 
rocks,  394 ;  older  tertiaries,  404 ; 
drift  beds,420;  modem  depoeit8,426. 

-,  South,  Silurian  rooks,  820, 


827 ;  Deyonian,  881 ;  oolitio  depo- 
sits, 880;  oretaoeous  rooks,  894; 
tertiaries,  405,  415;  drift  beds, 
421 ;  modem  deposits,  426 ;  raised 
beaches,  118. 

Ammonia  salts,  170. 

Ammonite*  Bucklandi  (lias),  804. 

Jaeon  (Oxford  day),  888. 

J2o<Aofiicii^0fMM(oretaoeotts), 


890. 


Hriatulu9  (oolites),  878. 


Amorphous  bodies,  146. 

Amorphozoa,  fossil  remains  of^  895t 

Ampelite  schists,  820. 

Amplexue  oorgUoides  (carboniferous), 
297. 

AtnpuUaria  cmuia  (older  tertiaries)  ,406 

Amygdaloidal  rooks,  account  of,  270, 

Analysis,methodof,155;  by  blow-pipe, 
156;  of  atmospheric  air,  45 ;  basidts 
before  and  after  disintegration,  440; 
chalk,  892;  day  ironstones,  218 ; 
days,  251, 460 ;  coals,  165, 251, 842 ; 
corals,  298;  fire-damp,  492 ;  marls, 
255,  266,  489;  Umestones,  247; 
magnesian  limestones,  250;  meta- 
morphic  rocks,  256 ;  Nile  mud,  489 ; 
porphyritic  rocks,  260;  residuum 
in  corals,  298;  Begur  andTchomo- 
zem,  426;  salt  water,  86;  sand- 
stones, 243 ;  soils,  426, 489 ;  yarious 
simple  minerals  forming  rocks,  258 ; 
well-water,  458. 

Ananeh^es  ovatus  (chalk),  894. 

Ancyloceras  callomeims  (Oxford  day), 
388. 
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Andes,  41,  97. 

Aneroid  barometer,  46. 

Angers  slates,  319. 

Aneles  and  solid  angles  of  crystals,  124. 

Animalcules,  accumulations  of,  86 ; 

fossil  cases,  295. 
Annelida,  fossil  remains  e^  300. 
Antarctic  ocean,  37. 
Anthracite,  accoimt  o(  164. 
Anthracitic  coal-field  of  Pennsylyania^ 

350. 
Anticlinal  axis,  274. 
Antigua,  silidfied  wood  o(  415. 
Antimony  and  its  ores,  201. 
Antrim  coal,  miocene  beds  of,  407. 
Apennines,  elevation  of^  eruptions  of 

gas  in,  90. 
Aporrhais  pes-^Uc€tm  (tertiary),  411. 
Appalachian  coal-field,  849. 
Application  of  geology,  3,  435. 
Aptian  formation,  388. 
Aqueous  action  on  rocks,  66. 

meteors,  44. 

Arago,  M.,  his  estimate  of  the  quantity 

of  rain-water  reaching  the  Seine, 

448. 
Aralo-Caspian  plains,  38;  fom^ation 

of;  414 ;  black  earth  of,  426. 
Arctic  current,  61. 

ocean,  32;    Silurian  rocks  on 

shores  of^  387. 

Ardennes  slates,  330. 
Ardwick  limestone,  343. 
Arenig  slates  and  porphyries,  318. 
Argile  de  Dives,  381. 

plastique,  beds  so  called,  402. 

Argillaoeous  schist.     See  Clay-slate. 
Arkose,  rock  so  called,  318. 
Arracan  coal-field,  880. 

Arsenic  and  its  salts,  200 ;  statistics  of, 

553. 
Artesian  wells,  449,  459. 
ArUculations  ofencrvnital  stems,  299. 
Artificial  stones,  463. 
Asbestos  minerals,  191. 
Ashby  coal-field,  344. 
Ashes,  eruptions  of^  107. 
Asia,  its  lakes,  36 ;  low  steppes,  37 ; 

plateaux,  89 ;  mountain  chains,  41 ; 

volcanoes,  109 ;  coal-fields,  376. 
Assam  c^al-field,  379. 
Astarte  (U.  oolite),  383. 

Basteroti  (U.  tertiaries),  412. 

elegoms  (L.  oolite),  302. 


ABturias,  coal-field  o^  348. 

Atherfield  beds,  388. 

Atlantic  ocean,  accoimt  o^  27;  action 
of  its  waves,  72 ;  its  currents,  60  ; 
and  trade  winds,  51. 

Atmosphere,  its  nature  and  constitu- 
tion, 24,  45 ;  its  action  on  rocks,  65 ; 
its  use  in  circulating  water,  448. 

AtoUs  in  the  Pacific,  84. 

Atomic  theory,  15. 

weight,  6. 

Atoms,  4. 

Attraction,  forces  of^  12. 

Aubin  coal-field  (Central  France), 
thickness  of  coal-seam  in,  295. 

Auriferous  gravels,  420,  427. 

Aurora  bor^Jis,  21. 

Aust  bone-bed,  363. 

Australia,  Devonian  rocks,  331 ;  coal- 
fields, 351 ;  modem  and  auriferous 
deposits,  426. 

Austria,  miocene  deposits  o^  409. 

Axes,  anticlinal  and  synclinal,  275. 

Axmouth,  landslip  at,  in  1839,  73. 

Aymestry  limestone,  324. 

Azoic  rocks,  317. 

BaciUaria  vulgaris  (tertiary),  296. 

Baculites  FoujcmU  (chalk),  304. 

Baffin's  bay,  30. 

Bagshot  sands,  400. 

Baikal  lake,  36. 

Baktt,  eruption  at,  91. 

Bala  limestone,  319. 

Ballahulish  slate  quarries,  470. 

Baltic  sea,  account  of,  29 ;  mud  accu- 
mulations, 80 ;  slow  upheaval  of  its 
bed,  117. 

Barometer,  aneroid,  46. 

Barren  boUs,  examples  of,  441. 

Baryta  salts,  account  of,  172;  statistics 
of,  553. 

Basalt,  columnar,  116,  266;  protru- 
ding and  overlying,  280. 

Basaltic  platform  near  the  Bhine,  115. 

Basset  of  strata,  273. 

Bath-brick,  461. 

Bath  oolite,  874. 

Beaches,  raised,  424. 

Beauchamp,  gr^s  de,  402. 

Beaumont,  Elie  de,  his  system  of  ele- 
vation, 360 ;  elevations  of  palseozoic 
period,  360;  secondary,  896;  ter- 
tiary, 429. 
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BelenuUtes  mucronahu  (chalk),  304. 

putUliformis  (lias),  369. 

Belgian  Deronian  rock,   340;    ooal- 
field,   346;    lias,   868;    older  ter- 
tiaries,  402 ;  middle  tertiariea,  408. 
Berehnent  in  crystallography,  126. 
Binary  compounds,  essential  elements 

in,  159. 
Bismuth  and  its  ores,  202. 
Bitumen,  account  of^  166. 
Bituminous  lakes  of  Trinidad,  91. 

schist,  858. 

Bivalye  shells,  extinct  species  of,  300. 

Black  band  ironstone,  213, 354, 508. 

Blackdown  beds,  891. 

Black  sea,  29. 

Blangy,  oUcaire  de,  382. 

Blast  fiimaoes,  number  o^  in  England, 

507. 
Blasting  for  coal,  491 ;  for  ore,  540. 

Blocks,  erratic,  416. 

Blowpipe,  its  use,  156. 

Boase,  Dr.,  his  account  of  mineral 
veins,  513. 

Bog  and  peat  moss,  425. 

Bognor  rocks,  399. 

Bogota,  cretaceous  rocks  of,  394. 

Bohemia,  Silurian  rocks  of^  318;  coal- 
fields, 848. 

Bolderberg  beds  (Belgium),  408. 

Bolton,  water  supply  of,  456. 

Bombay,  tertiaries  near,  409. 

Bone-bed,  Ludlow,  825 ;  Aust,  363. 

Borax,  account  o^  l7l. 

Bordeaux  tertiary  deposits,  407. 

Boring  for  coal,  484. 

Borneo  coal-fields,  351. 

Bottom  of  Atlantic,  form  o^  28. 

Boulder  clay,  416. 

Boulders  carried  by  ice,  76. 

Boulogne,  Wealden  beds  near,  887. 

Brachiopoda,  fossil  spedes  o^  300. 

Bracklesham  beds,  400. 
'  Bradford  da^,  374. 

Brande,  Prot.,  his  accoimt  of  a  well  at 
the  Mint,  457. 

Brard's  process,  account  o^  464. 

Bravais,  M.,  on  the  raised  beaches  of 
the  Baltic  shores,  118. 

Brazil  caverns,  deposits  in,  418. 

Brazilian  method  of  gold- washing,  474. 

Breaking  ore,  539. 

Breakwater,  natural,  71. 

Breccia,  marble  so  ciaJled,  249. 


Brick  day,  qualities  and  usee  of,  181, 

460. 
Bridlington  beds,  416. 

Brine  sprinss,  506. 

Bristol  coid-fldd,  844 ;  magnesian 
conglomerate,  357. 

British  islands,  earthquakes  of,  97; 
classification  of  rooks,  815 ;  ooal* 
fields  of,  340 ;  mineral  statistics  of, 
507,553. 

Bronn,  M.,  his  table  of  recent  and  ex* 
tinot  plants,  294. 

Brora  ooal-fidd,  876. 

Brown  coal,  418. 

BryoBoa,  fossil  remains  of,  800. 

Bucking-irons,  account  of,  476. 

Buddie,  Mr.,  his  method  of  working 
coal,  487 ;  his  suggestions  for  mining 
records,  551. 

Building  material,  464. 

BuUmina  Murchiaomi  (older  ter- 
tiaries), 406. 

Bunter  sandstdn,  864. 

Burdwan  coal-fidd,  878. 

Oaen  limestone,  875. 

Caithness  flags,  468. 

Calamitea  ccmmtformis  (coal-mea- 
sures), 858. 

Galcaire  k  polypiers,  874. 

Calcaire  de  Blangy,  882. 

Calcaire  grossier,  402. 

Calcaire  siliceux,  402. 

Calcareous  grit,  881. 

Calceola  aandalina  (Devonian),  882. 

CalceolA  slate,  380. 

Calcutta,  coal  near,  378. 

Califomian  gold-mining,  477. 

Calp  and  calp-slate,  334. 

Cambajjr,  gulf  o^  tertiaries,  410. 

Cambrian  series,  meaning  of  the  term, 
317. 

Canal-making,  use  of  geology  in, 
446. 

Cannd  coal,  165,  348. 

Cape  Breton  coal-fidd,  851. 

Captains  of  mines,  541. 

Caradoc  sandstone,  319. 

Caradon  mine,  hands  employed,  538. 

Carbon,  as  a  material  of  the  earth's 
crust,  11 ;  as  a  mineral,  168. 

Carboniferous  series,  lower,  333; 
upper,  338. 

Cardiglio  marble,  248. 
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Co/tdimm  panUonm  (tertiaiy),  SOS, 
406.      . 

Ourdon%  salt  depoeito  of,  506. 

Caribbeui  sea,  29. 

Oarpatbians,  eLeyation  of^  429. 

Carrara  marble,  249. 

Cascalbo,    the    Brazilian   auri£Brous 
grarel  so  called,  474. 

Caspian  sea,  35 ;  mud  Toloanoes  o^  90. 

Cassel  beds  (older  tertiaiy),  402. 

Casts,  nature  of^  when  fossil,  292. 

Catalonia,  extinct  volcanoes  of,  115. 

Catempora  etcharoides  (SUuiian),  322. 

CatskiU  group  of  rocks,  331. 

Caab  slates,  330. 

Carems,  and  cayem  deposits,  417. 

Cavern  bear,  head  o^  422. 

Cements,  nature  o^  461. 

Cement  stones,  399. 

Central  France,  extinct  volcanoes  of^ 
115 }  older  tertiaries,  402. 

Central  volcanoes,  113. 

Cephalopoda,  fossil  remains  of,  303. 

CeratUet  nodoeue  (new  red  sand- 
stone), 365. 

Cerithiumsfi^afUeum  (O.  tertiarv),400. 

nuUalnle  (O.  tertiary),  303, 

Chalk,  389,  392;  as  a  water-bearing 
rock,  451,  454. 

Change,  agents  of^  16;  effects  o^  hy 
atmospheric  and  aqueous  causes,  63 ; 
great  miportanoe  o^  120;  in  the 
mtemal  arrangement  of  the  par- 
ticles of  certain  minerals,  240 ;  in 
the  structure  of  rocks,  269 ;  in  the 
nature  of  materiab  deposited,  283 ; 
of  organic  substances  in  becoming 
fossOixed,  286 ;  of  climate,  proved 
hy  the  study  of  fossils,  287 ;  of  the 
volume  of  rocks,  by  an  alteration  of 
position,  512. 

Characteristics  of  minerals,  121. 

Chasms  produced  by  earthquakes,  100. 

Cheltenham,  lias  near,  367. 

Chemical  action,  its  importance  in 
influencing  geological  phenomena, 
262. 

Chemical  affinity,  13. 

Chemical  comjposition  of  minerals,  155. 

Chemical  equivalents,  8. 

Chemical  nomenclature,  7. 

Cheshire,  triassic  deposits  o^  363; 
water  from  new  red  sandstone  o^ 
455 ;  salt  deposits  o£,  505. 


Cheviot  hiUs,  older  Silurian  depoeita, 
319. 

Chili,  gold-mining  in,  478. 

China,  coal-fields  of;  351;  drift  of, 
420. 

Chlorite  schist,  255. 

Chromium  and  its  ores,  197. 

Cinder-bed  (Purbeck),  385. 

Cirrhipeda,  fossil  remains  of,  300. 

Classification  of  minerals,  table  of;  161 ; 
of  rocks,  241 ;  by  use  of  fossils,  289 ; 
of  British  rocks,  309,  315. 

Classification,  geological,  fundamental 
&ots  of,  285. 

Clay-band  ironstone,  213,  501. 

Clay-slate,  253 ;  its  elasticity,  101. 

days,  account  o(  181;  analyaee  of, 
modified  by  gidvanio  action,  239; 
forming  a  ffroup  of  rocks,  250 ;  qua- 
lities as  soils,  441 ;  impermeable  to 
water,  450 ;  uses  of  different  kinds, 
460. 

Cleaning  ores,  method  of,  545. 

Cleavage  of  crystalline  minerals,  124 ; 
of  rocks,  263,  268. 

Cleavage  planes,  direction  of;  269. 

Clevelfuid,  iron  ores  of,  504. 

Cliffs,  action  of  the  sea  upon,  71. 

Climate,  52 ;  proof  of  ancient  changes 
of,  291. 

Cflymenia  linearis  (Devonian),  304,331. 

Coal,  account  o^  165 ;  an  organic  pro- 
duct, 240 ;  origin  o^  295 ;  of  car- 
boniferous period,  338;  of  Bich- 
mond,ya,370;  British  oolitic,  375; 
Indian,  876;  Kimmeridge,  382; 
methods  of  mining  for,  480 ;  quan- 
tity raised  in  England  in  1855, 507 ; 
mining  records  o^  551. 

Coal-fields  of  different  countries,  339. 

Coal-measures,  389 ;  fossils  of,  294. 

Coast-line,  form  of,  25. 

Cobalt,  and  its  ores,  214. 

Cohesion,  force  of,  13. 

Cold  and  heat,  their  influence,  6. 

Colley  Weston  skte,  373,  468. 

Collieries,  number  o(  in  England,  607. 

Colour  of  minerals,  148. 

Columnar  basalt,  its  nature,  266. 

Columnar  texture  of  minerals,  147 ; 
of  rocks,  267. 

Combination  in  chemistry,  10. 

Combinations,  natural,  forming  rocks, 
238. 
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ComluniBg  propoitiond  of  bodies,  7. 
Combustible  minerals,  163. 
Communication  imdergrouad  between 

Toloanoes,  112. 
Composition,  chemical,  155. 
Composition  of  rooks,  238. 
Compound  rocks,  254. 
Compression  of  the  earth,  22. 
Concentric  structure  of  basalts,  264. 
Concretionarv  structure  of  rocks,  263. 
Conditions  of  matter  produced  by  heat, 

6. 
Conformable  stratification,  271. 
Congelation,  limit  of  perpetual,  48. 
Conglomerates,  their  nature,  244 ;  of 

tl^  old  red  sandstone,  328;  dolo- 

mitic,  357. 
Coniston  grits,  320. 
Constance,  tertiary  rocks  near  Lake  o^ 

414. 
Contact  of  granite  and  slate,  261. 
Continents,  25 ;  their  mean  height,  40. 
Contorted  strata,  283. 
Contraction  and  expansion  of  rooks, 

522. 
Copper  and  its  ores,  216 ;  statistics  of, 

653. 
Copper  mines  in  England,  553. 
Copper-slate  of  magnesian  limestone, 

358. 
Coral  rag,  381. 
Coral  reefe,  85. 
Coralline  crag,  411. 
Corals,  fossil  remains  of,  297;  analysis 

of  residumn,  298. 
Combrash,  374. 
Comstones,  analysis  of,  266 ;    of  old 

red  sandstone,  328 ;  magnesian,  442. 
Cornwall,  system  of  veins  in,  515. 
Corundum,  acooimt  of,  178. 
Costeaning,  528. 

Cotentin,  middle  tertiaries  of,  407. 
Coursing  the  air  in  coal-mines,  490. 
Crag,  red  and  coralline,  411;  mam- 

maliferous,  416. 
Craigleith  stone,  243. 
Crater  of  a  volcano,  103 ;  of  elevation, 

106, 274. 
Creeps  in  coal-mines,  487. 
Cretaceous  series,  389. 
Cristellaria    rotulata     (cretaceous), 

296. 
Cropping  out  of  strata,  273. 
Cross  courses,  nature  and  use  of,  585* 


Cross  cuts,  nature  o^  535. 

Crushine-mill,  545. 

Crust  of  the  earth,  meaning  of  the 

term,  3 ;  changes  in,  64. 
Crustaceans,  fossil  remains  of,  305. 
Crystalline  form,  its  meaning,  123. 
Crystalline    rocks,    palseozoic,    861 ; 

secondary,  895 ;  t^iary,  428. 
Crystallography,  its  meaning,  122. 
Ciystals,  their  nature,  122;  changes 

of  structure  by  heat,  240. 
Cube-octahedron,  126, 130. 
Oucwmtes  varicibiUa  (L.  clay),  399. 
Culmiferous  series,  884. 
Culminating  points  of  the  principal 

mountain  chains,  42. 
Cupanoides  in/latus  (L.  day),  399. 
Currents  of  air,  50. 
Currents,  marine,   58;    their   depth, 

62. 
Cyaihocrimtesplatmi  (carboniferous), 

887. 

Daka,  Mr.,  on  the  composition   of 

corals,  297. 
Danube,  delta  of^  80 ;  tertiaries  in  the 

valley  of,  409. 
Parley  Dale  stone,  243. 
Darwm,  Mr.,  on  coral  reefs,  85;  on 

lava  in  South  America,  116 ;  on  the 

depression  of  large  areas,  119 ;  on 

the  Pampean  formation  in  South 

America,  415. 
Davy  lamp,  account  o(  492. 
Daz  terticury  deposits,  407. 
Dead  sea,  36. 

Dean  Forest  iron  ores,  501. 
Debacles,  or  sudden   torrents,  their 

medumieal  results,  69. 
Decomposition  of  building-stones,  464. 
Deep  drains,  445. 
Deep  mines,  temperature  of,  23. 
Deep  wells,  condition  of  water  in,  458. 
Definitions  of  terms  in  coal-mining, 

489 ;  in  metal-mining,  583. 
Deltas  of  rivers,  79. 
Denmark,  drift  of,  418. 
Density  of  the  earth,  22  ;  of  the  air, 

45 ;  of  water,  greatest  before  fireez- 

ing,  18. 
Denudation,  effects  of,  in  laying  bare 

strata^  272 ;  valleys  of,  278. 
Depression  on  a  large  scale,  119. 
Depth  of  the  4-tlantic  ocean,  28 ;   of 
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the  Pacific,  80 ;  of  ooeanio  eurrentB, 
62 ;  of  the  sea  during  palnozoio  de- 
posits, 862 }  of  soils,  439 }  of  mines, 
485,586. 

Derbyshire,  iron  ores  of^  503. 

Derivation  of  soils,  438. 

Desert  of  Afirica,  38. 

Deumdimm  apiciUontm  (tertiary),  296. 

Destructiye  action  of  the  atmosphere^ 
64 ;  of  water,  66  j  of  frost,  77. 

Detritus,  arrangement  o^  83. 

Deronian  series,  327. 

Devonshire,  geoloe^  of^  829. 

JOiadema  sendU  Qia&),  368. 

Diamagnetio  condition  of  some  sub- 
stances, 19. 

Diamond,  account  of^  164 ;  process  of 
washing  gravels  to  obtain  it,  479. 

Dichroism,  160. 

Dicynodon,  notice  of,  366. 

Diggings,  Australian  and  Califomian, 
427. 

Diluvium,  420. 

Dimorphism,  definition  of^  123, 143. 

Dinothervum^  lower  jaw  of  (tertiaiy), 
409. 

Dip  of  the  compass  needle,  20. 

Dip  and  strike  of  strata,  274. 

Dirt  beds  of  Portland  Island,  385. 

Discovery  of  coal,  483;    of  metalli- 
ferous veins,  526. 

Disruption  of  strata  by  earthquakes, 
101. 

Distribution  of  volcanoes,  109;  of  water 
by  the  atmosphere,  447. 

01  fossils,  laws  of,  290; 

in  England,  307. 

of  land  and  water,  at  pre- 


sent, 26 ;  during  the  palieozoic  pe- 
riod, 861 ;  during  the  secondary 
period,  .396;  during  the  tertiary 
period,  430. 

Dives,  argile  de,  381. 

Divisibility  of  matter,  6. 

Division  of  land  and  water,  23. 

Dodecahedron,  129, 131. 

Dolcoath  mine,  depth  of,  636. 

Dolomite,  account  of,  175,  250;  of 
the  Permian  series,  356 ;  of  old  red 
sandstone,  442 ;  its  value  for  agri- 
cultural purposes  when  burnt,  442. 

Donetz,  coal-field  of,  848. 

Double  refraction,  150. 

Doubtfiil  stratification,  281. 


Downton   Castle,    Silurian    beds  at^ 

326. 
Drainage  of  land,  444 ;  of  mines,  af • 

fected  by  &ults,  482;     of   metal 

mines,  588. 
Dressing  ores,  546. 
Drift  current,  59. 

deposits,  416. 

Driving  levels  in  coal  eocploring,  486 ; 

in  metal  mines,  584. 
Drowning  of  coal- workings,  497. 
Dudley  shale  and  limestone,  322. 
Dues  paid  on  mines  in  work,  529. 
Dumb  frumace,  490. 
Dumbleton,  marlstone  ai,  367. 
Dimdry,  inferior  oolite  o^  372. 
Dimes  (sand),  65. 

Durham,  ma^esian  limestone  o^  264. 
Dust,  volcamc,  its  nature,  107. 
Dwina,  breaking  up  of  ice  on  the,  77. 
Dykes,  definition  of,  277,  280;  por* 

phyritic,  526. 

Easth,  crust  of,  8 ;  form  and  mea- 
surement of  the,  22 ;  the  basis  of  en» 
gineering  operations,  435. 

Earthquake  phsenomena,  95, 101. 

Earthy  minerals  used  in  construction, 
459. 

East  Huel  Crofty,  section  of,  588. 

Echinodermata,  fossil  remains  of,  298. 

Egypt,  silidfied  wood  in,  414. 

Ehrenberg,  Dr.,  on  infusorial  animal* 
cules,  87,  295. 

Eifel  limestone,  880. 

Elasticity  of  rocks,  101. 

Elbe  river,  infusorial  mud  at  the 
mouth  of,  86. 

Elective  afi^ty,  13. 

Electric  discharge,  destruction  of  rocks 
by,  66. 

Electricity,  18, 19  ;  of  minerals,  151. 

Elements,  their  number,  6 ;  names  and 
chemical  equivalents,  8. 

Elevation-crater,  106,  274. 

Elevation-systems,  of  palaeozoic  pe- 
riod, 860;  secondary  period,  896; 
tertiary  period,  429. 

Elvan  courses,  526. 

Emerald,  account  of^  184. 

Mncrmital  sterns^  298. 

Encrinites  moniliformis  (new  red  sand- 
stone), 365. 

Encrinites,  remains  of,  298. 
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Eocene  rocks,  897. 

Equator  of  heat  and  cold,  54. 

Equatorial  current,  59. 

Equivalents,  chemical,  8. 

Erratic  blocks,  416. 

Eruptions,  volcanic,  example  of,  107. 

Essential  ingredients  in  rock,  238. 

Estate  valuing,  use  of  geology  in,  448. 

Estuaries,  tidal  influence  in,  72. 

Etna,  Mount,  view  of,  107. 

Miagtrufn  verrucosum  (tertianr),  296. 

JSuomphalus  pewttrngulaUu  (carboni- 
ferous), 303,  337. 

Expansion  and  contraction  as  result- 
ing from  changes  of  temperature, 
18, 512. 

Explosions  in  coal-mines,  491. 

Extinct  genera,  distribution  of,  in  En- 
gland, 307. 

Extinct  volcanoes,  114. 

Eyes  of  a  minci  the  rich  parts  so 
called,  537. 

Fctboidea  ovata  (L.  clay),  899. 
Facts,  geological,  summary  of,  486. 
False  stratification,  282. 
Farringdon  beds,  387.    [See  also  list  of 

Corrigenda,  p.  605.] 
Faults,  277;    in  coal-measures,  839, 

482 ;  springs  breaking  out  at,  449 ; 

produ(mig  mineral  veins,  517. 
Faxoe  beds  (chalk),  394. 
FeUxstow,  phosphatic  nodules  there, 

412. 
Felspar  and  fialspathic  minerals,  185. 
Fens,  drainage  of,  444. 
Fertility  of  soils,  what  dependent  on, 

439. 
Fingal's  Cave,  Staffa,  basalt  of,  117. 
Finisterre,  cape,  dunes  at,  65. 
Fire,  chance  of,  in  mines,  483. 
Fire-clays,  339,  460. 
Fire-damp,  composition  of,  491. 
Firestone,  beds  of,  L.  greensand,  391. 
Fishes,  remains  of,  Silurian,  325 ;  De- 
vonian, 332;    carboniferous,   354; 

Permian,  359;  Triassic,  366;  lias, 

369 ;  older  tertiaries,  406. 
Flagstones,  account  of,  467. 
Flame,  eruptions  of^  89. 
Flanders,  blown  sand  on  coast  of,  65. 
Flat  veins,  518. 
Flenu  coal,  347. 
Floods,  effects  o^  on  rocks,  68. 


Fluor  spar,  account  of,  175,  249. 

Fluxes  in  analysis,  157. 

Flysch,  beds  in  the  Alps  so  called,  402. 

Foliation  of  rocks,  268. 

Folkestone,  gault  o^  390. 

Fontainebleau  sandstone,  408. 

Footprints,  fossil,  292, 

Foraminifera,  fossil  remains  of,  296. 

Forbes,  Prof.  E.,  laws  of  distribution 
of  marine  animals,  88 ;  on  glacial 
deposits,  417. 

Forbes,  Prof.  J.,  on  glaciers,  75. 

Forchhammer,  his  theory  of  dolomiti- 
zation,  357. 

Forest  of  Dean  iron  ores,  501. 

Forest  marble,  374. 

Form  of  land  and  sea-bottom,  25. 

Formation  of  soils,  487. 

Formations,  geological,  811 ;  their  re- 
lative value  in  agriculture,  441. 

Fossil  meal  (berg  mehl),  its  origin, 
295. 

Fossil  remains  of  plants,  294 ;  sponges 
and  Amorphosoa,  295;  Inmsoria, 
295 ;  Foraminifera,  296 ;  corals  and 
zoophytes,  297;  radiated  animals, 
298;  Bryozoa,  Annelida,  Cirrhi- 
peda  and  Brachiopoda,  300;  Bu- 
distes,  301;  Bivalve  shells,  302; 
Univalves,  303 ;  Cephalopoda,  304; 
Crustaceans  and  Insects,  lushes, 
Beptiles,  Birds,  805;  Mammalia, 
806. 

Fossiliferous  stratified  rocks— outline 
of  classification,  809,  315. 

Fossilization,  nature  of,  145 ;  difibrent 
kinds  of,  292. 

Fossils,  their  nature  and  the  circum- 
stances imder  which  they  are  found, 
285 ;  condition  of  organic  bodies  so 
found,  286 ;  indication  of  different 
climate  by,  287;  widely  distributed, 
288  ;  laws  of  their  distribution,  290; 
various  kinds,  292 — 806;  distribu- 
tion of  genera  in  English  rocks,  307 ; 
Silurian,  820, 325 ;  Devonian,  832 ; 
carboniferous  limestone,  387 ;  coal- 
measures,  352;  magnesian  lime- 
stone, 359;  new  red  sandstone, 
865  ;  has,  368 ;  lower  oolites,  373; 
upper  oolites,  883 ;  Wealden  rocks, 
387 ;  lower  cretaceous  rocks,  389  ; 
chalk,  394 ;  London  clay,  899 ;  older 
tertiaries,  405;    middle  tertiaries, 


59G 


ALPHABETICAL  OTDSX. 


409;  newer  tertiariee,  412;  lignite, 
413 ;  drift  period,  421. 

Fountains,  natural,  452. 

Fracture  of  minerals,  148. 

Fracture  aooompanying  eleration  of 
strata,  276. 

France,  blown  sands  on  coast  of^  66 ; 
chalk  needlesonthecoast, 71;  extinct 
Tolcanoe8,115;  Silurian  rocks,  318; 
DeTOniAns,330;  coal-fields, 347;  Per- 
mian rocks,  356 ;  triassic  rocks,  364 ; 
lias,  368 ;  lower  oolites,  375 ;  upper 
oolites,  382;  Wealden  beds,  387; 
cretaceous  rocks,  393 ;  older  tertia- 
ries,  402 ;  middle  tertiaries,  407. 

Freezing  water,  expansion  of,  18. 

Freshets,  their  influence  on  rocks,  68. 

Freshwater  marls  (tertiary),  416. 

Frost,  its  use  in  soils,  441. 

Fruits,  fossil,  from  X^ndon  day,  399. 

Fulgurites,  66. 

Fuller's  earth,  372. 

Fumaroles,  90, 103. 

Furthering  ores  to  shaft,  540. 

Fusion  of  rocks  at  Funzie  by  electric 
discharge,  66. 

G-ADOB,  Sierra  de,  a  lead  district,  517. 

ChaUioneUa  cUstans  (tertiary),  296. 

Gkmges,  delta  o£^  81. 

G-amets,  account  of^  182. 

Gkuronne,  basin  of,  middle  tertiary 
beds,  407. 

Gtaa  in  coal,  composition  of,  492 ;  how 
produced,  513. 

Otiaes,  importance  of,  in  the  earth,  8 ; 
eruptions  o^  89. 

Gault,  390. 

Geneva,  lake  of,  its  delta,  79. 

GeognoBv,  meaning  of  term,  2. 

Geographical  position,  mfluence  o^  on 
clnnate,  53. 

Geography,  definition  of,  2. 

Geological  maps,  their  use,  437. 

Geology,  defimtion  of,  2 ;  descriptiye, 
337;  practical,  435. 

G-ermany,  trachytic  rocks  of,  116 ;  Si- 
lurian  rocks,  327;  Devonian,  330; 
lower  carboniferous  beds,  335 ;  coal- 
fields, 347;  Permian  beds,  357; 
triassic,  364 ;  Jurassic,  375 ;  upper 
oolites,  383;  Wealden  beds,  387; 
cretaceous,  393;  older  tertiaries, 
404 ;  lignites,  413  ;  drift,  419. 


Gheysirs,  eruption  of  water,  91. 

Glacial  beds,  417. 

Glaciers,  74. 

Glaris  shite,  391. 

Glauconie  grossi^re,  402. 

Glauoonite  of  Belgium,  402. 

Glen  Tilt,  contact  of  igneous  rocks 

there,  261. 
Gneiss,  account  of^  257. 
GK>ld,  account  o£^  224 ;  deposits  con-* 

taining,  420,  4S7 ;  mode  of  obtain- 
ing, 471. 
Chmphonema  lamceolatum  (tertiary), 

296. 
Gbniometer,  139. 

Gkwsan,  its  nature  and  value,  52S. 
Granite,  nature  of,  257 ;  degradation 

by  atmospheric  exposure,  65 ;  value 

for  roads,  468. 
Gh*anular  texture  of  minerals,  147. 
Graphite,  account  of,  164. 
Cfraptolitesfoliaceus  (Silurian),  320. 

ludenns  (Silurian),  320. 

Gbauwacke,  or  grey wacke,  account  of, 

317 ;  schists,  so  called,  253. 
Gravel,  416 ;   transport  oi^   70,  76 ; 

auriferous,  427. 
Gravitation,  force  of,  12. 
Gravity,  specific,  154. 
Great  oolite,  374. 
Greece,  newer  tertiaries  of,  413. 
Greensand,  lower,  388 ;   upper,  391 ; 

water-contents  of,  455. 
6h?eenstone,  account  of,  256. 
Grenelle,  artesian  well  at,  449, 459. 
Gr^s  bigarr^,  364. 
Gr^s  de  Beauchamp,  402. 
Qr^s  de  Fontainebleau,  403. 
Gt^s  de  Yosges,  356. 
Grit-stones,  their  nature,  244. 
Grouping  of  species,  287 ;  of  stratified 

rocks,  309. 
Groups,  volcanic.  111. 
Orifphcea  arcttata  (Has),  302. 

vi/rgula  (U.  oolites),  383. 

Guadaloupe,  indurated  dunes  at,  65 ; 

hiunan  remains  at,  427. 
Gulf  stream,  60. 

Gypseous  beds  of  Montmartre,  403. 
Gypsum,  account  of,  175,  249. 

HEMATITES,  account  of,  211,  500. 
Hainault  coal-field,  346;     devation- 
system  of,  361, 


JlLPHABSTICAL  IK]>SX. 


597 


Hampshire  basin,  898. 

Hardness  of  minerab,  153. 

Harlech  grits,  317. 

Harwich  beds  of  London  clay,  399. 

Hastings  sand,  386. 

Hawaii,  crater  of  Kirauea  in,  104. 

Headon  hill  sands  (I.  of  Wight),  401. 

Hearthstones,  whence  obtained,  395. 

Heat  and  cold,  their  influence,  6. 

Heat,  phenomena  oi^  17;  quantity  re- 
oeiyed  from  the  sun,  64. 

Heaves  and  slides,  526. 

Height  of  continents,  40 ;  of  monn- 
tains,41;  its  influence  on  the  pressure 
of  atmosphere,  46 ;  of  the  snow  line 
at  Tarious  latitudes,  48. 

Hemi-dodecahedron,  134. 

Hemihedral  crystals,  130, 133, 135,136. 

Hemitrope  (in  Mineralogy),  142. 

Hempstead  beds  (I.  of  Wight),  401. 

Herefordshire,  old  red  sandstone  of, 
328. 

Hexagonal  dodecahedron,  133. 

Hexagonal  system  of  crystallization, 
133. 

Hexahedron,  129, 131. 

Hightea  fasiformia  (L.  clay),  399. 

Hvmcmtidium  ctrcus  (tertiary),  296. 

StppurUes  bi-oculata  (lower  creta- 
ceous), 301. 

orgtmigans  (chalk),  394. 

JSolaster  comphmoitua  (cretaceous), 
389. 

Holland,  blown  sand  on  coast  oi^  65. 

SoloptychMM   Hibherii    (coal-mea- 
sures), 352. 

Hordle  or  Hordwell  cliff  beds,  401. 

Hornblende  rock  and  schist,  266. 

Homblendic  minerals,  190. 

Homitos,  small  craters  so  called,  102. 

Horses  of  ground,  525. 

Hot  springs,  93. 

Hudson's  bay,  29. 

Human  remains,  427. 

Hungary  gold-washings,  472. 

Hurricanes,  52. 

Hydraulic  lime,  462. 

Hydrogen  gas,  a  very  abundant  mi- 
neral, 10. 

Hythe,  lower  greensand  of,  388. 

lOEBEBGB,  76. 

Iceland,  volcanic  ph«enomena  of,  91, 
108. 


Ideal  crystal,  126. 

Igneous  rocksof  Palsozoio  period,  821, 

361;     Secondary,  896;    Tertiarv, 

428. 
Illinois  coal-field,  849. 
Imitative  shapes  of  minerals,  147. 
Improvement  of  soils  by  mineral  ma« 

nures,  442 ;  by  drainage,  446. 
Impurities  in  water,  457. 
Inclined  strata,  laid  bare  by  denuda- 
tion, 273;    not  necessarily  tilted, 

282. 
Index  of  minerals,  228. 
India,  coal-fields  of,  376 ;  lower  green- 
sand,  389;  middle  tertiaries,  409; 

drift,  421. 
Indian  ocean,  81 ;  storms  of,  62 ;   it« 

bed  depressed,  114. 
Induration  of  dimes,  65. 
Indus,  subsidence  at  the  mouth  of, 

114. 
Inferior  oolite,  372. 
Infusorial  animalcules,  86 ;  fossil  sill* 

ceous  cases  of,  107,  295. 
Injected  veins  of  trap-rook,  280. 
Inland  seas  of  the  Atlantic,  28 ;  of  the 

Pacific,  31. 
Insecta,  fossil  remains  of,  305. 
Intensity  of  upheaving  fbrce  in  volca- 
noes, 105. 
Intersection  of  veins,  524. 
Inimdation  of  coal-mines,  497. 
Invariable  temperature,  stratum  of, 

54. 
Investigation  of  lodes,  522. 
Ireland,  old  red   sandstone  of,  329; 

lower    carboniferous    rocks,    334; 

coal-fields,  345. 
Ireleth  slates,  326. 
Iridescence  of  minerals,  149. 
Iron  and    its  ores,  209,  354,  386, 

499;  quantity  and  value  raised  in 

England,  507. 
Iron  mining,  499. 

Iron  pyrites,  210 ;  statistics  of,  553. 
Irrawaddi  river,  tertiaries  of,  409. 
Islands,  account  of,  43. 
Isle  of  Wight,  chalk  needles  of,  72; 

tertiary  deposits  of,  400. 
Isomeric  bodies,  146. 
Isomorphism,  definition  of^  123, 143. 
Isothermal,  isotheral,  and  isochunenal 

lines,  54. 
Italy,  older  tertiaries  of,  404. 
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Jakaica,  subridenoe  in,  114. 

JaraguA,  gold-mines  of^  476. 

Java,  eruptionB  of  mud  at,  90. 

Jet,  where  found,  367. 

Jigging  machine,  546. 

Jointed  Btructure,  509. 

Jorullo,  volcano  o^  102. 

Jupiter  Serapifl,  elevation  of  temple 

of,  113. 
Jura,  elevation-syBtem  o^  429 ;  yalley 

of  elevation  in,  275. 
Juraasic  series,  371. 

Kaitawha  (Virginia,  U.S.),   erupted 
gases  from  the  coal-measures  o{  89. 
Keene*B  cement,  463. 
Kelloway  rock,  380. 
Kentish  rag,  388. 
Keuper,  364. 
Kiesel-schiefer,  335. 
Kimmeridge  clay,  382. 
Kirgliis  steppe,  38. 
£lejn  Spawen  beds  (Belgium),  404. 
Kunkur,  421,  439. 
Kupfer-schiefer,  account  o^  358. 
Kjson  beds,  399. 

lAibyrinthodon  (new  red  sandstone), 

366. 
Lacertian    animals,   Devonian,  332; 

coal-measures,  354. 
Lakes,  principal,  35. 
Laminated  structure,  267  $  texture  of 

minerals,  147. 
Lamination  of  rocks,  263. 
Lancashire  coal-field^  843. 
Land,  distribution  of,  at  present,  22 ; 

during  the  Falieozoic  period,  362 ; 

Secondaiy,  396 ;  Tertiary,  428. 
Landslips,  72. 
Land  springs,  449. 
Lapland,  glacial  action  at,  77. 
Laterite,  account  o^  415. 
Lava,  a  volcanic  product,  103. 
Laws  of  distribution  of  fossils,  290. 
Lead  mines  of  Alston  moor,  548. 
Lead  and  lead  ores,  206 ;  rich  veins  o^ 

517 ;  preparation  of,  549 ;  statistics 

of,  553. 
Lebanon,  fossiliferous  beds  of^  404. 
Lehm  of  the  Rhine  valley,  424. 
Lenticular  masses  and  nodules,  264. 
Lepidostrobus  (coal-measures),  352. 
Level,  shifting  of,  by  earthquakes,  100. 


Levels  in  coal-mines,  486  $  in  metal- 
liferous mines,  533,  536. 
Lias,  account  o^  366 ;  American  ooal- 

field  o^  370;  iron  ores  of,  504. 
Liebig,  his  opinion  of  the  use  of  soils, 

440. 
Li^  coal-field,  346. 
LifSng  ores  in  Cornwall,  539. 
Light,  phsenomena  of,  16 ;    refinotion 

and  polarization  of^  150. 
Lighting  coal-mines,  491. 
Lightning,  effect  of,  on  rocks,  66. 
Lignite,  origin  o^  295 ;  deposits  oi^404, 

413. 
Limburg  beds  (Belgiiuu),  404. 
Lime  and  its  salts,  account  of^  173 ; 

group  of  rocks,  245 ;  use  in  agricul> 

ture,  442. 
Limestone,  its  elasticity,  101 ;  analysis 

of;  249,  250 ;    a  barren  soil,  441 ; 

how  far  a  water-bearing  rock,  451 ; 

as  a  building  material,  464. 
Limitation  of  coal  to  certain  periods, 

481. 
Limits  of  mining  districts,  520. 
LimncBa  longiscata   (lower  tertiary), 

403. 
Lingula  flags,  318. 
Lisbon,  earthquake  of,  98. 
Lithographic  limestone,  383. 
Liver][>ool,  how  supplied  with  water, 

456. 
Llauberis  slates,  317. 
Llandeilo  flags,  319. 
Llaugunog,  nch  lead-vein  at,  517. 
Llanos,  39. 

Lodes,  account  of,  510-520. 
Loess  of  the  Bhine  valley,  424. 
Loire,  basin  of,  important  coal-fields, 

347 ;  middle  tertiaries,  407. 
London  clay,  399 ;  springs  from,  454. 
Long-wall   method  of  coal  working, 

488. 
Lord's  dues  (in  mining),  529. 
Low  plains,  86. 
Lower  greensand  series,  388 ;  filler's 

earth  of,  372. 
Lower  lias  shales,  367. 
Lower  new  red  sandstone,  354. 
Lower  oolites,  subdivision  of,  372. 
Ludlow  sh&le  and  limestone,  323. 
Lud/M  SelmontUf  265. 
Lustre  of  minerals,  149. 
Lyell,  Sir  C,  on  aqueous  action,  82 ; 
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on  eartihqtiAkes  and  change  of  leyel^ 
114. 
Lyme  Begis,  Uas  o^  366. 


Macles,  or  twin  crystals,  142. 
Madeira,  indurated  dunes  at,  66. 
Maestrioht  beds,  394. 
Magnesia,  salts  of,  177 ;  use  in  soils, 

442. 
Magnesian  limestone,  analysis  of,  250  j 

concretions  of,  264;  formation  o^ 

355 ;  yalue  when  burnt  for  agricul- 
tural purposes,  442. 
Magnetic  storms,  21. 
Magnetism,  19. 
MaUet,  Mr.,  on  earthquake  phieno- 

mena,  101. 
Malm  rock,  391. 
Malton  beds  of  coral-rag,  381. 
Mammaliferous  crag,  416. 
Mammals  of  Stonesfield  slate,   373; 

gigantic,  from  South  America,  415. 
Man,  fossil  remains  of,  427. 
Manchester,  how  supplied  with  water, 

466. 
Manganese  and  its  salts,  199. 
Mansfield  slate  (Thuringia),  357. 
Mantell,    Dr.,    nis    account    of    the 

Wealden  period,  384. 
Manures,  mineral,  441. 
Maps,  geological,  use  of,  437. 
Marble,  its  elasticity,  101 ;  account  of 

particular  yarieties,  174,  208. 
Marine  currents,  58. 
Marls,  analysis  of,  255. 
Marlstone,  367. 
Mames  irises,  364. 
Maryland  coal-field,  349. 
Mastodon,  tooth  of  (tertiary),  306. 
Mayence  basin,  older  tertiaries  of,  404; 

middle  tertiaries  of,  4/dS, 
Mean  height  of  continents,  40. 

temperature  of  the  air,  47. 

Measurements  of  the  earth,  22. 
Mediterranean  sea,  28;  tertiaries  on 

shores  of,  413. 
MeffalodoncuctUlatus  (Deyonian),302, 

331. 
Mercury  and  its  ores,  221. 
Metalliierous  yeins  or  lodes,  510. 
Metals,  description  of^  194. 
Metamorphic  rocks,  analyses  of,  256. 
Metamorphism  of  rocks,  241,  508. 


Mexico,  gulf  of,  29;  yoloanoeffo^  103« 
Mica,  account  o^  192. 

schist,  account  of,  255. 

Middlesborough,  iron  ores  oi^  604. 
Millstone  grit,  338. 
Mineral  manures,  their  use,  438. 
— —  yeins    trayerstng    Deyonian 
rocks,  332 ;  account  o^  610. 
waters,  93. 


Mineralogy,  121. 

Minerals,  chiefly  composing  the  earth's 
crust,  11 ;  their  physic^  oharact«i^ 
istics,  121 ;  table  oi  important  spe- 
cies, 162 ;  index  of  synonyms  and 
species,  228 ;  species  forming  rock 
masses,  238;  species  occumng  in 
quartz-rock,  244;  in  limestones, 
249 ;  in  days,  254  ;  in  gneiss,  259 ; 
in  granite,  261 ;  in  carboniferous 
rocks,  354 ;  in  cretaceous  rocks,  396 ; 
used  in  construction,  459. 

Mines  as  distinguished  from  quarrio«, 
469;  their  temperature  at  great 
depths,  23 ;  of  coal,  480 }  of  uroa, 
499 ;  salt,  604 ;  of  yarious  metalli- 
ferous ores,  508. 

Mining,  records  o^  549 ;  tools  used  in, 
537 ;  system  of,  for  coal,  483 ;  for 
metals  m  yeins,  629. 

Miocene,  or  middle  tertiaries,  407. 

Mississippi,  delta  of,  81 ;  change  of 
leyel  in  the  yalley  of,  114. 

Missouri  coal-field,  349. 

Mixture  in  chemistry,  10. 

Modem  deposits,  422. 

Moisture  in  the  atmosphere,  48. 

Molasse  of  Switzerland,  408. 

Molecules,  4. 

Mollusca,  fossil  remains  of,  300. 

Monkwearmouth  colliery,  485. 

Monoclinic  system  of  crystallization, 
136. 

Monsoons,  51. 

Monte  Bolca,  older  tertiaries  of,  404. 

Montmartre,  gypseous  beds  of,  403. 

Moraines,  76. 

Mortar,  composition  of,  461. 

Mountain  cnains,  40. 

limestone,  333. 

Mud,  eruptions  of,  69;  deposits  of, 
79 ;  yolcanoes,  erupting,  90. 

Mudstones  of  Ludlow  series,  324. 

Mueseler  lamp,  account  of,  496. 

Mull,  miocene  beds  o^  407. 
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Murohison,  Sir  B.,  his  Silurian  System, 

817 ;  PermiAn  system,  858. 
Murex  alveolaius  (crag),  808,  412. 
MuaobeUalk,  864. 

Naoilflxthx  of  Switserland,  408. 

Nagpur  beds  (India),  376. 

Nassau,  lignites  of,  414. 

Natal  coast,  S.  Afi^ca,  coal-fields,  380s 
cretaceous  rocks,  394. 

Natural-history  properties  of  minerals, 
122. 

Natural  springs,  449. 

Navicula  viridit  (tertiary),  296. 

Nayir,  grind  of  the,  72. 

Needles  (chalk),  71,  72. 

Neocomian  rocks,  Si88. 

Nerbudda,  coal-fields  of^  878. 

Neriiuea  ChadhaHU  (coral  rag),  808. 

Nerinssan  limestone,  381. 

New  Brunswick  coal-field,  350. 

Newoastle-on-Tyne,  its  coal-field,  341; 
depth  of  coal,  485 ;  how  supplied 
with  water,  456. 

Newfoimdland,  836. 

New  Holland,  indurated  dunes,  65. 

New  red  sandstone,  362  j  water-con- 
tents of,  455. 

New  Zealand  coal-fields,  851 ;  recent 
changes,  427. 

Niagara,  effects  of  aqueous  action  at,  67. 

Nickel  and  its  ores,  216. 

Nile,  delta  of;  80;  analysis  of  its  mud, 
440. 

NipadUea  eUgcms  (L.  clay),  399. 

Nismes,  foimtain  at,  452. 

Nitrogen  gas,  an  important  mineral,  10. 

Nodosaria  limbata  (cretaceous),  296. 

Nodules,  phosphatic,  from  the  upper 
greensand,  892 ;  from  crag,  412. 

Noises  accompanying  earthquakes,  96. 

Normandy,  needles  on  coast,  71;  Juras- 
sic rocks,  374. 

North  Wales,  slate  quarries  of,  470 ; 
iron  ores  of,  503. 

Norway,  Silurian  rocks  of,  320 ;  river 
in  a  cavern  in,  453. 

Norwich  crag,  416. 

Nova  Scotia  coal-field,  851. 

Nucula  pectiinaia  (cretaceous),  390. 

Nummulites  and  nummulitic  forma- 
tion, 401. 

Nutfield,  fuller's  earth  there,  372. 

Oases,  38. 


Oblique  prismatic  system  of  crystal- 
lization, 136. 

Oceanic  currents,  depth  o(  62. 

deltas,  80. 

Oceans,  changes  of,  during  the  PeJsDO- 
zoic  perioo^  361 ;  Secondary,  396 ; 
Tertiary,  430. 

Octahedron,  regrular  (in  crystallo- 
mphy),  128, 131;  obliyie,  136. 

Odour  as  a  character  of  mmerals,  152. 

(Eningen  tertiary  beds,  414. 

Ohio  coal-field,  349. 

Older  tertiaries,  arrangement  of;  898. 

Old  red  sandstone,  827;  analvsis  of 
marls  from,  266;  contains  dolomite, 
442. 

Oolite,  nature  of;  246;  general  appear- 
ance in  England,  371 ;  lower  series, 
872 ;  upper  series,  886. 

Oolitic  coal-fields  of  Yorkshire  and 
Brora,  375;  of  India,  376;  of  South 
Africa,  380. 

marble,  248 ;  magnesian  lime- 

stone,  856. 

Optical  properties  of  minerals,  148. 

OrlicuUna  nwnismalis  (older  ter- 
tiary), 406. 

Ores  of  antimony,  202 ;  arsenic,  201 ; 
bismuth,  203 ;  chromium,  197 ;  co- 
balt, 215 ;  copper,  217 ;  iron,  210, 
499;  lead,  207;  manganese,  199; 
mercunr,  221 ;  nickel,  216 ;  silver, 
222;  tm,  206;  zmc,  204;  method 
of  extracting,  539;  blasting  and 
furthering,  ^0;  statistics  of;  507, 
558. 

Oi^anic  beings,  remains  o^  found 
mssil,  286 ;  influence  on  deposits, 
83.     See  Fossils. 

matter,  proportion  required  in 

soils,  489. 

Orthis  elegantula  (Silurian),  800. 

Orihoceratites  conica  (Silurian),  304. 

later  ale  (carboniferous), 

337. 

Os,  or  gravel  hill,  view  of,  419. 

Osborne  series  (I.  of  Wight),  400. 

Oscillations  of  the  mercury  in  the  baro- 
meter, 47. 

Oscillations  of  level  at  the  temple  of 
Jupiter  Serapis,  114. 

Ostreafrons  (cretaceous),  890. 

Marsha  (lower    and    middle 

oolite),  302. 
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Outcrop  of  strata,  273;  of  ooal,  483. 
Outliers,  nature  of^  276. 
Owhyhee.     See  Hawaii. 
Oxford  clay,  380. 

Oxygen  gas,  its  importance  among  the 
ponderable  materials  of  the  earth,  10. 

Pachydbbhata,  fossil  remains  oi^  403. 

Pacific  ocean,  30;  its  currents,  59; 

eleyation  and  depression  of  its  bed, 

118. 

PalcBonigctu  (magnesian   limestone), 

869. 
Palfeontology,  use  of^  308. 
PaliBothermmy  sketch  of^  403. 
Palaeozoic  period,  316;   elevation-sy- 
stems of,  360 ;  depth  of  ocean  during, 
362 ;  recapitulation  o^  431. 
Palamow,  coal  of,  378. 
Palma,  yolcanoes  in  isle  o£^  105. 
Pahnacitet  Lamanonis  (middle  ter- 
tiary), 408. 
Pampas,  39. 

Pampean  formation,  415. 
P«mel-work  for  coal,  487. 
Paper  coal,  413. 
Pappenheim   lithographic    limestone, 

383. 
Parian  cement,  463. 

marble,  249. 

Paris  basin,  deposits  of,  402. 
Parker's  cement,  399,  462. 
Parrott,  or  cannel  coal,  345. 
Patagonia,  raised    beaches  in,   118; 

modem  deposits  of,  426. 
Pecopteris  aquUina   (coal-measures), 

294. 
Pecten  Lugdunenais  (lias),  369. 
Penmaen  mawr,  road-stuff  from,  468. 
Pennsylyania  coal-field,  350. 
Penrhyn  slate-quarries,  470. 
Pent(MnenLs  Kmghtii  (Silurian),  324. 
Percussion  table,  547. 
Peridinium  pyrophorum  (newer  ter- 
tiary), 296. 
Periodical  winds,  50. 
Periodicity  of  earthquakes,  96. 
Periods,  geological,  311 ;   PaUeozoic, 
316;  Secondary,  362;  Tertiary,  397. 
Permian  series,  354. 
Petrifaction,  process  of,  145 ;  different 

kinds  of,  292. 
PetrophUoides  Sichardsoni  (L.  clay), 
399. 


Phacops  eattdatus  (Silurian),  305. 
Pheenomena,   order  o^  in  an  earth- 
quake, 101. 
Phosphate  of  lime,  account  of,  176, 
249 ;  concretions  of^  392,412 ;  yalue 
in  agriculture,  441. 
Phosphorescence  of  minerals,  151. 
Physical  characteristics  of  minerals,146 
Pictou  coal-field,  351. 
Pillar  and  stall,  method  of,  coal- work- 
ing, 488. 
Piimnlaria  daefylus  (tertiary),  296. 
Pipe-clay,  413. 
Pipe-veins,  518. 
PisoUtic  limestone,  393. 
Pitch  hike  of  Trinidad,  91. 
Pitches  set  in  mines,  541. 
Pixidula  prisca  (tertiary),  296. 
Plagiostoma  gigcmteum  (Has),  369. 

apvnoemn  (chalk),  394. 

Plains,  account  of,  36,  39. 
Planer  kalk,  891,  893. 
Plants,  comparative  view  of  recent  and 
extinct  species,  294;  fossil,  from  coal, 
352 ;  trias,  365 ;  London  clay,  399  ; 
middle  tertiary,  408. 
Plaster  of  Paris,  beds  of  which  it  is 

made,  403 ;  use  o^  463. 
Plasters,  manufacture  of,  463. 
Plateaux,  or  elevated  plains,  39. 
Platinum,  accoimt  of,  225. 
Pleistocene  deposits,  411. 
Plesiomorphism,  142. 
PleswscmruSi  restored  figure  (lias),  370. 
Pleiirotomaria  conoidea  (oolites),  373. 
Plicatula  sptfwsa  (lias),  369. 
PHcatuk  day,  388. 
Phocene  deposits,  411. 
Plumbago,  164. 
Plymouth  limestone,  329. 
Plynlimmon  rocks,  319. 
Po,  delta  of,  78. 
Polar  forces,  19. 

seas,  31. 

Polarized  light,  16,  150. 

Pole,  magnetic,  21 ;  of  cold,  54. 

Polir-schiefer,  413. 

Polishing  slate,  its  nature,  295. 

Polychroism,  150. 

Polymeric  isomorphism,  144. 

Polymorphism,  142. 

Pondicherry,  lower  greensands  of,  389 ; 

silicified  wood  of,  414. 
Porcelain  clays,  461. 
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Porph3rritioiookB,257,260s  stroctiire, 
270;  dykes,  526. 

Portland  beds,  882;  boildiiig-stone, 
464. 

PorUand  cement,  462. 

Portor  marble,  248. 

Portugal,  blown  land  on  ooaet  of^  65. 

Potash  salts,  170. 

Potsdam  sandstone  of  Korth  America, 
818. 

Potters*  day,  181. 

Practical  Geologj,  485. 

Prairies,  89. 

Pressure  of  the  sir,  46. 

Preralent  winds,  51. 

Primary  formations,  810. 

Principles  of  classification  of  minerals, 
160 ;  of  rocks,  810. 

Prismatic  structure,  267. 

Prismatic  system  (square),  in  mine- 
ralogy, 131. 

Productive  capacity  of  coal-fields,  840. 

Products,  Tolcanic,  107. 

ProducUu  Aorric^  (magnesian  lime- 
stone), 859. 

Protogine,  nature  of,  260. 

Protrusion  of  igneous  rock,  279. 

Pseudomorphism,  142, 145. 

Pseudo-Tolcanoes,  91. 

Pterodactyl^  restored  figure  (lias),  370. 

Pudding-stones,  their  nature,  244. 

Pumps  used  in  draining  mines,  538. 

Furbeck  strata,  884 ;  marble,  386. 

Purewater  not  necessary  for  supporting 
life,  456. 

Pyrites  iron,  210,  553 ;  copper,  218. . 

Fyritous  clay,  418. 

QxjADEB  sandstein,  388. 

Quadrupeds,  fossil,  their  abundance  in 
France,  403. 

Quality  of  water,  how  affected,  457. 

Quantitatiye  affinity,  15. 

Quantity  of  air  passing  into  a  mine, 
490;  of  solid  substances  in  the 
ocean,  27 ;  of  water  contained  in 
rocks,  448,  453 ;  of  coal  and  iron 
raised  in  England,  507 ;  of  yarious 
metals  raised,  553. 

Quaquayersal  dip,  274. 

Quarries,  469. 

Quartz,  account  of,  167 ;  form  of  cry- 
stals, 124. 

Quartzite,  243. 


Quartsose  conglomerate,  828. 
Quicklime,  its  manufacture,  461. 

Basiatbd  animals,  fossil  remains  of^ 

298. 
Bain,  distribution  of^  49;    quantity 

falling  annually  in  England,  458. 
Raised  beaches,  117,  428. 
Bake-yeins,  explained,  516. 
Bange  of  earthquake  action,  100. 
Bansome's  artificial  stone,  463. 
Bauchwacke,  account  of,  358. 
Becapitulation  of  Descriptiye  G(eology, 

431. 
Becords,  mining,  549. 
Bed  marl,  account  and  composition  of, 

489 ;  analysis  of,  266 ;  Triassic,  363. 
Beflecting  goniometer,  140. 
Befiraction  of  light,  150. 
Begular  system  of  crystallization,  128. 
Begrur,  analysis  of,  426. 
Bemains  of  organic  beings  found  fossil) 

286. 
Bennell*s  current,  61. 
Beplaoement  in  crystallography,  126. 
Bepresentation  of  species  by   others 

resembling  them,  287. 
Beproductiye  efiects  of  aqueous  action, 

78. 
Beptiles,  fossil.   Deyonian,  332 ;  Car- 
boniferous,   354;    Permian,    359; 

Triassic,  366;   Lias,  369;  Oolitic, 

873;    Wealden,  389;    Cretaceous, 

895;  Older  tertiary,  407. 
Besults    of   geological    inyestigation, 

434. 
Betuming  charges  in  smelting,  548. 
Beyersion  of  dip,  281. 
Bhine,  delta  of^  81 ;  extinct  yolcanoes 

of,  114;  siLtof,  424. 
Bhomb  and  rhomboid,  129. 
Bhombic  system  of  crystallization,  135. 
Bhombohedron,  134. 
Bhone,  delta  of,  80. 
Shynchonella  octoplicata  (chalk),  300. 
Bichmond,  Va.,  coal-field  of,  370. 
Biyers,  account  of,  32 ;  draining  into 

Atlantic,  28 ;  eroding  action  of,  67 ; 

deltas  of,  79 ;  water  of,  456. 
Boad  cuttings,  drainage  of,  446. 
Boad  material,  468. 
Bocks,  defined,  237 ;  classification  of, 

241, 311 ;  how  conyerted  into  soils, 

438. 
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Eoman  cement,  462. 

Borne,  teitiaries  near,  412. 

BoBsberg,  fall  of  the,  74. 

Bothe-todte-liegende,  354. 

Boyalties,  or  lord's  dues  (in  mining), 
629. 

Buby,  account  of,  178. 

Budistes,  fossil  remains  of,  301. 

Buhr,  coal-field  of  the,  348. 

Biuwia,  Silurian  rocks  o^  326;  De- 
vonian, 330;  Carboniferous,  335; 
coal-fields  o^  348 ;  Permian  rocks, 
858;  Jurassic  beds,  375;  Upper 
ooUtes,  383 ;  Tertiaries,  414 ;  auri- 
ferous drifts,  420;  salt  deposits, 
506. 

Sa^be,  coal-field  of  the,  848. 

Safety-Aise,  548. 

Safety-lamps,  492,  496. 

Sagrina  rugosa  (older  tertiaries),  406. 

Sahara,  or  Great  Desert,  38. 

St.  Helen's  series  (Isle  of  Wight),  400. 

Salses,  or  erupted  flames,  90. 

Salt,  common,  171 ;  found  in  Carbo- 
niferous rocks,  354;  in  New  red 
sandstone,  in  Cheshire,  363,  366; 
mines  of,  504. 

Saltness  of  the  ocean,  27 ;  of  the  Bal- 
tic, 29 ;  of  the  Dead  sea,  36. 

Sand  dunes,  advance  o^  65. 

Sand  group  of  rocks,  242. 

Sands  and  gravels,  as  water-bearing 
rocks,  450. 

Sandstones,  properties  of,  101;  ana- 
lyses of  various  kinds,  243;  form 
barren  soils  when  pure,  441 ;  as 
water-bearing  rocks,  455 ;  as  build- 
ing material,  465. 

Santorin,  volcanic  islands  of,  106. 

Sapphire,  account  of,  178. 

Savannahs,  39. 

Scale  of  hardness  of  minerals,  153. 

Scandinavia,  earthquakes  of,  96 ;  drift 
of,  418 ;  raised  beaches,  423. 

Scar  limestone,  334. 

Schists,  account  of,  253. 

Schuylkill  anthradtic  coal-field,  350. 

Scotland,  granite  o^  261 ;  Silurian 
rocks  of,  319  ;  Old  red  sandstone, 
329 ;  coal-fields,  345 ;  oolitic  rocks, 
375,  381 ;  Wealden  deposits,  387  ; 
middle  tertiaries,  407;  drift,  419; 
iron  ores,  504. 


Sea,  undermining  action  of,  70. 

Seas,  distribution  of.     See  Ocean. 

Seathwaite  in  Westmoreland,  rain-fall 
at,  453. 

Sea-urchins,  remains  of,  299. 

Secondary  period,  rocks  and  fossils  of, 
362 ;  general  account  of,  432. 

Sedgwick,  Prof.,  on  the  structure  of 
large  mineral  masses,  264;  his  Cam- 
brian series,  317 ;  his  notice  of  the 
elevation-system  of  Westmoreland, 
360. 

Septaria,  nature  and  use  of,  265. 

Serpentine,  account  of,  189. 

Serpula  (older  tertiaries),  406. 

Sewalik  deposits  of  Northern  India, 
409. 

Shafts,  tubbing  water  from,  485 ;  mode 
of  sinking,  484,  534. 

Shales,  account  of,  252,  328,  367. 

Shallow  drains,  445. 

Shallow  wells,  condition  of  water  in, 
458. 

Shapes,  imitative,  of  massive  minerals, 

147. 

Shells,  fossil  remains  of,  302. 

Sheppey,  fossiliferous  beds  of,  899. 

Shetland  islands,  raised  beaches  of, 
424. 

Shoals,  effect  of  tides  on,  70. 

Shocks,  range  of  earthquake,  98. 

Shoding,  527. 

Shropshire  coal-fields,  344 ;  iron  ores, 
502. 

Siberian  gold  alluvia,  427 ;  gold  wash- 
ings, 472. 

Sicily,  eroding  action  of  rivers  seen  in, 

67. 

Sierra  de  Qndor,  a  lead  district,  517. 

Sigillariapctch^derma  (coal-measures), 
294. 

Silesia,  coal-field  of,  348. 

Silica  and  silica  minerals,  167. 

Silicates,  aluminous,  180;  non-alu- 
minous, 188. 

Silicified  wood,  414. 

Silurian  rocks  and  fossils.  Lower,  317 ; 
Upper,  322. 

Silvas,  38. 

Silver,  and  its  ores,  221 ;  quantity 
raised  in  England,  533. 

Simple  minerals,  analyses  of,  258. 

Sinking  shafts  to  get  coal,  484. 

Sinkings  in  artesian  wells,  459. 
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Skaptaa  Jokul,  eruption  of,  108. 
Slabs  aad  slates,  where  found,  466. 
Slates,  structure  of,  253 ;  where  found, 

466 ;  quarries,  470. 
Sleeping-table  used  in  gold-washing, 

474. 
Slides  and  heaves,  5. 
Slimes,  treatment  of,  547. 
Slips  or  faults,  277. 
Slope  of  riyer-oourses  in  reference  to 

the  rapidily  of  the  current,  69. 
Slowness  of  deposits,  284. 
Smith,    Mr.   W.,    on    canal-making, 

446. 
Snow-line,  yarious  elevations  of,  48. 
Soda  salts,  171' 
Soils,  formation  and  improvement  of, 

487. 
Soissonnais  shellj  sands,  402. 
Solenhofen  lithographic  limestone,d83. 
Solfataras,  90. 
Solid  angles,  124. 
Solid  matter  dissolved  in  the  sea,  27 ; 

conveyed  by  rivers,  81. 
Solvent  action  of  water  on  rocks,  66. 
Soundings  in  deep  seas,  28,  30. 
SouthAmerica.    See  America,  South. 
South  Wales,  its  coal-field,  344 ;  iron 

ores  of,  502. 
Sopwith,  Mr.,  on  the  preparation  of 

lead  ores,  $49. 
Spain,  blown  sand  on  coast  of,  65 ; 

Silurian  rooks  of,  318 ;  coal-fields  of, 

348 ;  lead-mines,  617. 
SpeUanffus      cor-a/nguvtwrn      (chalk), 

299. 
Specific  gravity,  154. 
Speed  of  earthquake  wave,  101. 
Speeton  day,  388. 

/^hcenopteris  HtBnmghaim  (coal-mea- 
sures), 352. 
Spirifer  glaber  (carboniferous),  300. 
unduhkua  (magnesian  lime- 

stone),  359. 

WalcoU  (lias),  369. 


Splitting  the  air  in  coal-mines,  490. 

^ondtflus  spinosum  (chalk),  394. 

Sponges,  fossil,  295. 

Spring-water,  its  mineral  contents, 
456. 

Springs,  mineral,  94 ;  natural  and  ar- 
tesian, 449;  interception  of,  447; 
breaking  into,  in  miniag,  485. 

Square  octahedron,  131. 


Square  prismatic  system  of  crystaUixa- 
tion,  131. 

Staffa,  basaltic  rocks  of,  116. 

Staffordshire  coal-fields,  844;  coal- 
mining in,  488 ;  iron  ores  o^  502. 

Stalactites  and  Stalagmitee,  249. 

Stampine-miU,  544. 

Standard  of  copper,  548. 

Statistics  of  coal  and  iron,  507 ;  of  va- 
rious metals,  553. 

Statuary  marble,  249. 

Steam  coal,  165. 

Steatite,  account  of,  189. 

Steppes,  38. 

Stembergia,  fossil  trees  so  called,  853. 

SHffmaria  fieoides  (coal-measures), 
352. 

Stinkstein,  858. 

Stone,  different  kinds  of^  for  building, 
464. 

Stonesfield  slate,  872,  468. 

Storms,  21,  50. 

Stourbridge  day,  analyses  of,  460. 

Stratification,  nature  of,  267;  illus- 
trations of  various  kinds,  272. 

Stratified  rocks,  classification  of,  311. 

Stratmn  of  invariable  temperature,  54. 

Streak  of  minerals,  148. 

Stream-currents,  59. 

Stream- works  for  tin,  478. 

Striation  of  rocks  by  drift,  419. 

Strike  of  beds,  274. 

Stringocephalus  Bwrtim  (Devonian), 
331. 

Stringocephalus  limestone,  330. 

Strontia  salts,  acconnt  of,  173. 

Structure  of  minerals,  122 ;  of  rocks, 
83,  264. 

Styria,  thick  beds  of  lignite  in,  295. 

Sub-apennine  formations,  412. 

Sub-Himalayas,  tertiaries  of,  410. 

Submergence  of  land,  119. 

Subsidence  in  coral  seas,  118. 

Subsoil,  how  formed,  438. 

Subterranean  communication  between 
volcanoes,  112. 

Suffolk  crag,  411. 

Sulphur,  account  of,  167. 

Sumbawa,  eruption  at,  107. 

Summary  of  geological  facts,  436. 

Sump  of  a  mine,  535. 

Sunda  islands,  volcanic  eruption  at, 

107. 
Surrey,  water  from  greensands  of,  455. 
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SuireyorB,  importance  of   geological 

knowledge  to,  444. 
Sussex  marble,  386. 
Sweden,  drift  of,  419 ;  raised  beaches 

0^423. 
Switzerland,  floods  in  1818,  69. 
Syenite,  account  oi^  260. 
Symmetry  in  crystallography,  125. 
SynoHnal  axis,  275. 
Synedra  ultM  (tertiary),  296. 
Systems  of  crystallization,  127. 
Systems  of  elevation,  Palseozoic,  360 ; 

Secondary,  396 ;  Tertiary,  429. 
Systems  of  rivers,  33. 
Systems,  rolcanic,  113. 

Table  of  absorbent  powers  of  rocks, 
452 ;  British  coal-fields,  340 ;  Bri- 
tish rocks,  315 ;  classification  of 
minerals,  161,  and  of  rocks,  311 ; 
coal-fields,  339,  340;  composition 
of  well-waters,  458 ;  distribution  of 
extinct  genera,  307;  elementaiy 
substances,  9 ;  Eocene  rocks,  398 ; 
expansion  of  rocks,  512 ;  height  of 
mountain  chains,  42;  important 
minerab,  162 ;  isomorphous  groups 
of  minerals,  144 ;  lakes,  35 ;  mine- 
rals, 162 ;  minerals  of  each  crystal- 
line system,  128;  mineral  produce 
of  Great  Britain,  507,  553;  pla- 
teaux, 39 ;  recent  and  extinct  spe- 
cies, 306 ;  rivers  and  river  systems, 
33;  sinkings  of  wells,  459 ;  thermal 
springs,  94 ;  tertiaries  of  older  pe- 
riod, 398;  volcanic  groups,  111. 

Talc,  account  of,  189,  192. 

Talus  of  large  blocks  at  a  clifi*,  82. 

Taste,  useful  in  determining  minerals, 
152. 

Tchomozem,  analysis  o^  426. 

Temperature  of  the  interior  of  the 
earth,  23 ;  of  the  atmosphere 
(mean),  47 ;  of  the  water  in  the 
Gulf-stream,  60;  of  deep  mines, 
536. 

Terebratula  digona  (L.  oolites),  500. 

glohata  (oolites),  373. 

octopUoata  (chalk),  300. 

Terra  cottas,  463. 

Terrestrial  magnetism,  20. 

Tertiary  rocks,  account  of,  397 ;  ge- 
neral result  of  investigations,  428 ; 
recapitulation  of  its  history,  433. 


Tetrahedron,  130, 131. 

Tetrakis-hexahedron,  129,  131. 

Texture  of  minerals,  147 ;  of  soils,  439. 

Thanet  sands,  398. 

Thermometer,  53. 

Thick  coal  of  Aubin  and  American 
coal-fields,  295 ;  of  South  Stafford- 
shire, 344. 

Thinning  out  of  strata,  271. 

Throw,  or  fault,  277. 

Ticketing  ores,  547. 

Tide  wave,  57 ;  mechanical  action  of, 
70. 

Tilestone,  325. 

Tilgate  beds,  386.     . 

Timbering  mines,  541. 

Time,  importance  of,  in  geology,  284. 

Tin  and  its  ores,  205;  streaming,  478 ; 
statistics  of,  553. 

Tools  of  the  collier,  490 ;  of  the  miner, 
537. 

Torrents,  mechanical  effect  of,  69. 

Touraine,  middle  tertiaries  of^  407. 

Tourmaline,  account  of,  152,  193. 

Trachytic  rocks  in  Germany,  116. 

Trade  winds,  50. 

TrafiUgar-square,  artesian  weU  at,  459. 

Tram-roads  in  mines,  541. 

Travertin,  large  deposit  of,  82. 

Tremadoc  slates,  318. 

Tresavean  mine,  536. 

Triassic  series,  362. 

Tribute  system  in  minefi^530. 

Tricarpellites  communis  (L.clay),  399. 

Triclinic  system  of  crystallization,  138. 

TriloouUfM,  sp.  (cretaceous),  296. 

7}ngonia  cdctformis  (L.  greensand), 
302,  389. 

Trigonocarpum,  fossil  fruits  so  called, 
353. 

Trinidad,  bitumen  of,  91. 

Tripoli,  its  nature,  295. 

Truncation  in  crystallography,  126. 

Tubbing  shafts  to  exclude  water,  485. 

Tu/rho  coHcmus  (oolites),  373. 

Turonian  formation,  393. 

TwrriUtes  costaius  (cretaceous),  390. 

Turritella  imbricataria  (older  ter- 
tiaries), 406. 

Turtle  stones,  nature  and  use  of,  265. 

Tut  work  in  mines,  530. 

Twin  crystals,  142. 

Unoonpobmable  stratification,  277. 


